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VI PKBPACiS. 

edition of 1854, complied with that custom, and prepared them 
with his own hands. If he b not deceived in the result of his 
labors, his work will commend itself by the following features : 

1. It is adapted to the present state of natural science; em- 
braces a wider field, and contains a greater amount of informatiou 
on the respective subjects of which it treats, than any other ele- 
mentary treatise of its size. 

2. It contains engravings of the Boston school set of phUosO' 
phiccd apparatics ; a description of the instruments, and an account 
of many experiments which can be performed by means of the 
apparatus. 

3. It is enriched by a representation and a description of the 
Locomotive and the Stationary Steam Engines^ and the various 
forms of the Electric Telegraph now in operation in this country. 

4. The subjects of Pyronomics, Electricity, Magnetism, Electro- 
Magnetism, and Magneto-Electricity, as well as Astronomy, have 
large space allotted to them. Most of the latest discoveries in 
physical science have also received their due share of attention. 

5. It is peculiarly adapted to the convenience of study and of 
recitation, by the figures and diagrams being first placed side by 
side with the illustrations, and then repeated on separate leaves at 
the end of the volume. The number is also given, where each 
principle may be found to which allusion is made throughout the 
volume. Suitable questions, also prepared by the author himself, 
and obnoxious to no objection as *' leading qii£stio?is" have been 
placed in immediate connection with the most important principles 
contained in the volume. 

6. It presents thQ most important principles of science in a 
larger type ; while the deductions from these principles, and the 
illustrations^ are contained in a smaller letter. Much useful and 
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inierasiiiig matter is also orowdod into notes at the bottom of thf 
page. By this arnmgementi the papil can never be at a k« tc 
distingoish the parts of a lesson which are of primary importance ; 
nor will he be in danger of mistaking theory and con jectore for ftot 

7. It contains a nnmber of ori^nal illnstrations, which the 
author has fbond more intelligible to yonng students than those 
with which he has met elsewhere. 

8. Nothing has been omitted which is usoally contained in an 
elementaiy treatise. 

A work of this kind, from its very nature, admits bat little 
ori^nalitj. The whole circle of the sciences consists of principleB 
deduced from the discoveries of different individuals, in diflferent 
ages, thrown into common stock. The whole, then, is common 
property, and belongs exclusively to no one. The merit, there- 
fore, of an elementary treatise on natural science must rest solely 
on the judidousnees of its selections. In many of the woHdei from 
wluch extracts have been taken for this volume, the author has 
found the saw£ language and expressions without the usual 
marks of quotation. Being at a loss, therefore, whom to credit 
for some of the expressions which he has borrowed, he makes this 
general acknowledgment, in the hope that it may be said of him, 
as it was once said of the Mantuan bard, that " he has a«2onittI 
to thefts^ and polished the diamonds lohkh he has stolenJ* 

Boston October 1853. 



ADVERTISEMENT TO THE NEW STEREOTYPE OP 1854 



In the revision of this work the author has endeavored to present 
his materials Under a hotter classification. The omission of Beventj- 
&9e pages of Questions, prepared hj another hand, found at the end 
of the hook in previous editions, has given room for a large collec- 
tion of new facts and principles which the present improved state 
of science has revealed, without materially enlarging the size of the 
Tolume. The author now gives it to the world, in confidence that 
it is much more deserving of the unexpected favor it has received. 
An changes in a text-hook are necessarily attended with inconve 
niences to teachers ; hut they who would keep pace with the pro- 
gress of science must submit to such inconvenience, or be behind 
the age. The present is emphatically the age o{ ** progress,^* and 
they who profess to record the triumphs of science must keep a 
blank page in their journals for the record of new conquests. So 
much of apology seems to be due for the appearance of a new revi- 
sion of this volume so soon after the former revision. The author 
indulges the belief that no advance has been made in fact, in prin- 
ciple, or in physical law, which has not received its due shai>e of 
attention so far as is consistent with the plan of a wwk profesdng 
to be strictly elementary. 

4 K2IXELANI>-FI^CS, 1853. 



LIST or ifORlCS 



WKOI HATS VMEK CO JWL T ID , OB FBOK WUCB BmUCTt lAVS 
TAKXH, or TBB PKBPABATIOV OF 1HU TOLVVS. 



Annals of Philosophy ; Arnott^s Elements of Physics ; Bartlett s 
Philosophy ; Bigelow's Technology ; Cambridge Physics ; Chambeis.' 
Dictionary; Enfteld'a, Olmsted'a, 8mith'^ BJaii^ai BBkeweU*s, Dra- 
per's, Grand's, Johnson's, Jones', Comstoek's, aod'OooTersations on^ 
Natoral Philosophy ;' Davis' Manual of Magnetism ; Encyclopedia 
Americana ; Franklin!s Philosophical Papers ; Henry's Chemistzy , 
King's Manual of Electricity ^ Lardner's Works ; Library of Usefiil 
Knowledge ; Orbs of Heayen ; Pazton's Introduction to the Study 
of Anatomy ; Pambour on Locomotive Engines on Railways ; Penny 
Cyclopedia ; Peschel's Elements of Physics ; Philips' Astronomy ; 
Sir John Herschel's Astronomy ; Silli man's Journal of Science ; 
Singer's Electridty ; Scientific Class Book ; Scientific Dialogues ; 
Smith's Explanatory Key ; The Year Book ; Turner's Chemistry ; 
Wilkins' Astronomy ; Worcester's and the American School Geog- 
raphy ; Lathrop, Mclntire and Keith, on the Globes ; World's 
Prog^-ess ; Annual of Scientific Discovery ; Webster's Dictionary ; 
Treasury of Knowledge ; Gregory's Chemistry ; Science of Fan^iar 
Things; Loomis' Elements of Geology; Chambers' Educational 
Course; Brando's Encyclopedia; lire's Dictionary; McCullocfa'f 
Commercial Dictionary ; Patent Office Reports. 



SCHEDULE OF PHILOSOPHICAL APPARATUS 
USBO IN THB GRAMMAR-SCHOOIS OF THE CITT OF BOSTON.* 



Adopted bj ihe School Committee, Aug. 1847. 



LiLWa OF MATTER. 



Apparatus for iUuatratmg Inertia. 
Pair of Lead Hemispheres for Cohesion. 
Pair of Glass Plates for Capillary Attraction. 



LAWS OF MOTION. 



Itoxj Balls on Stand for Collision. 
Set of eight Illnstrations for Centre of Grayitj. 
Sliding Frame for Composition of Forces. 
Apparatus for illustrating Central Forces. 

MEOHAKIOB. 

Complete set of Mechanicals, consisting of Levers, Pulleys, Wheel 
Axle, Capstan, Screw, Inclined Plane, Wedge. 

HTDBOSTATICHL 

Bent Glass Tube fbr Fluid LeyeL 
Mounted Spirit Level 
Hydrometer and Jar for Specific Gravity. 
S^les and Weights for Specific Gravity. 
Hydrostatic BeUows, and Paradox. 

HTDRAULIGB. 

Lifting, or Common Water-pump. 

Forcing Pump ; illustrating the Fire-en^e. 

Glan Syphon-cup for illustrating intermittent Springs. 

Glass and Metal Syphons. ^ 

PNEUMAnOB. 

Patent Lever Air-^ump and Clamp. 

Three Glass Bell Receivers, adapted to the Apparatus. 

Condensing and Exhausting Syringe. 

Copper Chamber fbr Condensed Air Fountain. 

Revolving Jet and Glass BaareL 

* The eoet of this apparatus is aboat two hundred and aixtj ddlars. It was made by 
Mr. Joseph M. Wightman, importer and manu^cturer of Philosophical Apparatus, No. 
B3 Gomhill, Boston, and in an eminent degree unites beauty wiUi durability. Heesrs. 
Cliamberlain & Ritchie, also, in Washington-street, excel in Uieir. manufteture of Philo- 
sophical Instruments of all kinds. In the department of Electricity and Magnetim, Messrs. 
Pahner & Hall, successors of Daniel Davis, 428 Washington-street, have manjr articles at 
exoeUeut design and executioti. 



PUILOSOPHIOAL APPAHATU8. Xi 

Fountain Glass, Cock, and Jet fbr Vacunra. 

Brass Magdeburg Hemispheres. 

ImproYed Weight-lifter for upward pressure. 

Iron Wdght of fifty-six pounds, and Strap, > m.^ w^.^« itik^ 

Flexible Tube and Connectors, \^^ Wd|MJXft«fc 

Brass Plate and SU(Ung Bod. 

Bolt Head and Jar. 

Tall Jar and Balloon. 

Hand And Bladder Glasses. 

Wood Cylinder and Plate. 

Indisr-rubber Bag for expansion of air. 

Guinea and Feather Apparatus. 

Glass Flask and Stop-oook for ireigliing air. 



Plate Electrical Machine. 
Pith-ball Electrometer. 
Electrical Battery of four Jan. 
Electrical Discharger. 
Image Plates and Figure. 
Insulate Stool. 
Chime of Bells. 
Miser's Plate for shocks. 
Tissue Figure, Ball and Point 
Electrical Flyer and Tellurian. 
Electrical Spojrtsmiin, Jar and Birds. 
Mahogany Thunder-house and PistoL 
Hydrogen Gas (Generator. 
Chains, Balls of Pith, and Amalgam. 

OFTIOI. 

Glass Prism, and pair of Lenses. 

Dissected Eyeball, showing its arrangement. 

KAOJIIZI'JBIL 

Magnetic Needle on Stand. 

Pair of Magnetic Swans. 

Glass Vase for Magnetic Swans. . . 

Horseshoe Magnet. ^ 

ASTBONOMT. 

Improved School Orrery. 
Tellurian, or Season Machine. 

ABITHMEnC AND aEOMEIIlY 

Set of thirteen Geometrical Figures of Solids. 

BcoL of sixty-four one-inch Cubes for Cube Boot, Ac. 

AUXniAXIBS. 

Thf Oiler ; Glass Funnel ; Sulphuric Acid. 
Set of Iron Weights for Hydrostatic Paradox. 



CONTENTS 



Dnmnom or th£ Subjict, ..•• 17 

Or Matter and m Pbopebtxxb, 19 

Or Gravitt, • • • 88 

MsoHAinoB, OB THS Lawb or AionoK, 41 

The IdEOHANiCAt Powers, 70 

Begi7lator£^ or Motion, 100 

Htdrostatios, ••• '^•* 108 

Htdrauuos, • . • • 128 

Fneuhaticb, . • • 138 

Acoustics, « « 178 

Ptronomics, «••••«••••* 185 

The Sieam-enoine« ••*.«,..«•*«•«• 196 

Optics^ «... « 210 

XLBCTRicmr, • • • • 268 

Galvanism, or Voltaic £LBomoiTT» •• 288 

Magnetish, 298 

Electro-Magnetism, • 808 

The Electro-magnetic Telegraph, 819 

The Electrottpe Procee», 881 

Magneto-Electricitt' 882 

Thermo-Elbctricitt ' • • 884 

Astronomy ••.•• ••.. 885 



Tbe Index at the done of the Tulume, bclug full' and oamprctaeudve, win be VswoA fluirc 
(MiTtnleui for fcftreno*. 



TNTEODUCTION. 



Thx term PhiloBopby litenDj wgnifieK, die lore ef 
bat, as a general term, it is used to denote an esplaoAtioB of tko 
reason of thingiB, or an iorestigation of the causes of all phcnoaMaap 

both of mind and of matter. 

When applied to any particular d^artment of ktnomltig^ tho 
word Philosophj implies the ooQectioo of general laws or prioei' 
pies, under which the sobordinate fiusts or pheooiDena relating to 
that subject are comprehended. Thus that branch of Philosophj 
which treats of God, his attriboies and perfeetioos, is caUed Theol' 
ogy ; that which treats of the material world is called Pb jncs, 
or Natural Philosophj; that whi<^ treats of man as a rational 
being is called Ethics, or Moral Philosophj ; and that whi<^ treats 
of the mind is called Intellectual Philosophj, or Metaphjsics. 

The word Theology is derived from two Greek words, the 
former of which (Qeot) signifies God, and the latter (^o<) means 
a discourse ; and these two words, combined in the term Theology^ 
literaUj implj a discourse about QinL The latter of these two 
Greek words (hiyoi or logos) is changed into logy to form English 
compounds, and it enters into the composition of manj scientific 
terms. Thus we have the words mineraZIo^, the science of miner- 
als; meteorology, the science which treats of meteors; ichthjo^og^i 
the science of fishes ; entomoi!o^, the science of insects ; litho^^i 
of stones ; conchoZo^, of shells, &o. 

The word Metaphysics is composed of two Greek words, Meta 
(or iUfTa), which signifies beyondj and phosis (or (pvai§), which 
ngnifies nature, and in composition these words implj Eomethipg 
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XIV INTRODUCTION. 

heyoni fuUure, From the latter of these words^ phusis (^i»<r«f), 
we obtain the term phfsics^ which in its most extended sense 
implies the science of nature and natural objects, oomprehendtng 
the study or knowledge of whatever exists, The natural division 
of all 'things that exist is into body and mind — things material 
and immaterial, spiritual and corporeal. Physics relates to mate- 
rial things. Metaphysics to immaterial. Man, as a mere animal, 
is included in the science of Physics ; but, as a being possessed of a 
soul, of intellect, of the powers of perception, consciousness, volition, 
reason, and judgment, he becomes a subject of consideration in the 
science of Metaphysics. 

All material things are divided into two great classes, called 
organized and unorganized matter. Organized matter is that 
.which is endowed with organs adapted to the discharge of appro- 
priate functions, such as the mouth and stomach of animals, or the 
leaves of vegetables. By means of such organs they enjoy life. 
Unorganized matter, on the contrary, possesses no such organs, 
and is consequently incapable of life and voluntary action. Stones, 
the various kinds of earth, metals, and many minerals, are in- 
stances of unorganized matter. Fossils, that is, substances dug 
out of the earth, are frequently instances of a combination of 
organized and unorganized matter. Unorganized matter also 
enters into the composition of organized matter. Thus, the bones 
of animals contain lime, which by itself is unorganized matter. 

Physical Science, or Physics, with its subdivisions of Natural 
History (including Zoology, Botany, Mineralogy, Conchology, 
Entomology, Ichthyology, &c.) and Natural Philosophy, including 
its own appropriate subdivisions, embraces the whole field of organ- 
ized and unorganized matter. 

The term Natural Philosophy is considered by some authors as 
embracing the whole extent of physical science, while others use it 
in a more restricted sense, including only the general properties 
of unorganized matter, the forces which act upon it, the laws which 
it obeys, the results of those laws, and all those external changes 
which leave the substance unaffected. It is in this sense that tii€ 
term is employed in this work. 
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Chemistrj, on the ixmtjfary, is the Bcienoe whioh inyestigftftet 
die etoipositipv of materiid sabstanoes, the internal ehangea whioh 
thej undergo, and the 'hfh properties which they aoqaire by such 
ei^anges. The operations of chemiBtry may be deeoribed under the 
heads of Analysis or decomposition, and Synthesis or combination. • 

Natural Philosophy makes us acquainted with the condition and 
relations of bodies as they spontaneously arise, without any agency 
of our own. Ohemiitry teaches us how to alter the natural 
arrangement of elements to bring about some particular condition 
that we desire. To accomplish these objects in both of the depart- 
ments of science to whioh we refer, we make use of appliances 
called philosophical and chemical apparatus, the proper use of 
which it is the office of Natural Philosophy and Chemistry respect- 
lyely to explain. All philosophical knowledge proceeds either 
from observation or experiment, or from both. It is a matter of 
observation that water, by cold, is converted into ice ; but if, bj 
means of freezing mixtures, or evaporation, we actually cause water 
to freeze, we arrive at the same knowledge by experiment. 

By repeated observations, and by calculations based on such 
observations, we discover obtain uniform modes in which the 
powers of nature act. These uniform modes of operation are called 
laws ; — and these laws are general or particular according to the 
extent of the subjects which they respectively embrace. Thus, it 
is a general law that all bodies attract each other in proportion to 
the quantity of matter which they contain. It is a particdar law 
of electricity that similar kinds repel and diflsimilar kinds attract 
each other. 

The collection, combination, and proper arrangement of such 
general and particular laws, constitute what is called Science. 
Thus, we have the science of Chemistry, the science of Geometry, 
the science of Natural Philosophy, &c. 

The terms art and science have not always been employed with 
proper discrimination. In general, an art is that which depends 
on practice or performance, while science is the examination of 
general laws, or of abstract and speculative principles. The theory 
of music is a science ; tl»e practice of it is au art. 
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Seitinoe dififens from art m the same manner that kftowle^ 
differs from skilh An artist may enchant us with his skill, 
ahhougfa he is ignorant of all scientific principles. A man of 
science may excite our admiration hj the extent of his knowledge, 
.though he have not the least skill to perform any operation of art 
When we speak of the mechanic arts, we mean the practice of 
those vocations in which tools, instruments and machinery, are 
employed. But the science of Mechanics explains the principles 
on which tools and machines are constructed, and the effects which 
they produce. Science, therefore, may be defined, a collection and 
proper arrangement of the general principles or leading truths 
relating to any subject ; and there is this connection between art 
and science, namely — '* A principle in science is a rule of art'' 
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NATURAL PHILOSOPHY. 



DIVISIONS OF THE SUBJECT. 

txTi . . 1- Natural Philosophy, or Physics, is the 
Natural science wmch treats of the powers, properties and 
Philosa- mutual action of natural bodies, anil* the laws and 
operations of the material world. 
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2. Some of the prinoipal branches of Natural Philosophy are 

Meohanics, • Electricity, 

Pneumatics, Galvanism, 

Hydrostatics, Magnetism, 

Hydraulics, Electro-Magnetism, 

Acoustics, MagnetorElectricity, 

Pyronomics, Astronomy. . 
Optics, 

IToTX. » This list of braaohes might be oondderably enlftrged, but p•1^ 
haps a rigid olaasifieation would raiher suggest the omission of some of 
them, as pertaining to the department of ohenustry. 

PjTj^ ^ 3. Mechanics. — Mechanics is that branch of 
Mechanr Natural Philosophy which relates to motion and 
the moving powers, their nature and laws, with 
their effects in machines. 

4. Meebaniot it ^nerally considered undcv two fivisioos, caliod 
StoUos and Dyiaamics. 

2» 
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18 * NATURAL PHILOSOPUY. 

5. The word Statics is derived from* a Greek word implying resi 
and it is .applied to that department of mechanics which treats of 
the properties and laws of bodies at rest. 

6. Dynamics, from a Greek word signifying power or Jaree^ 
treats of the properties and laws of bodies in motion, 

7. Pneumatics treats of the mechanical properties and effects 
of tdf and similar fluids, called elastic fluids or gases. 

'8. Hydrostatics treats of the gravity and pressure of flmda in 
a state of rest. 

9. Hydraulics treats of fluids in motion, and of the instru- 
ments and machines by which their motion is guided or con* 
trolled. 

10. Acoustics treats of the laws of sound. 

11. FyroTumms treats of the laws and effects of heat. 

12. Optics treats of light, color and vision. 

18. Electricity treats of an exceedingly subtle agent, called 
the electric fluid. 

14. Galvanism (sometimes called chemical electricity) is a 
branch of Electricity. 

15. Magnetism treats of the properties and effects of the 
magnet or loadstone. 

16. Electro-Magnetism treats of magnetism induced by elec- 
tricity. 

17. Magneto-Electricity treats of electricity induced by mag« 
netism. 

1 8. Asiron&my treats of the heavenly bodies, — the sun, moon, 
stars, planets, compts. 

19. The agents whose effects or operations are described in 
Natural Philosophy are divided into two classes, called respectively 
Ponderable and Imponderable Agents. 

Note. — Some writers on Philosophy have suggested a different olaasi- 
fioation, into Bodies and Agents, calling bodies pohdertMt, and agents tiA- 
poiiderable, 

20. Ponderable agents are those which have weight, as water, 
air, steam. 

21. Imponderable a^nts are those which have no weight aueh 



<< 



as light, neat, uuiguetiszu and electricity. y 
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What 15 22. Matixr. — Matter is the general name of 
Mai^? everything that occupies space. 

23. Matter exists in ^ur different states or forms, namely, 
in the solid, liquid, gaseous and vesicular forms. 

24. Matter exists in a solid form when the particles of wKfc}^ it is 
composed cohere together. The different degrees of cohieiiBion "yhich 
different bodies possess causes them to assume different degrees of 
hardness. 

25. Mattel; exists in a liquid state when the componeilt parts do 
not cohere with sufficient force to prevent their separation by the 
mere influence of their weight. The surface of a fluid at rest always 
conforms itself to the shape of the portion of the earth's surface 
over which it stands. * • 

26. Matter exists in a gaseous or aeriform state when the pajr- 
ticles of which it is composed have a repulsion towards each other 
which causes them to separate with a power of expansion to which 
there is no known limit. Of this, smoke presents a familiar in- 
stance. As it ascends it expands, the particles repelling each other 
until they become wholly invisible. 

Note. — The word aeriform means, in the form of air, 

27. The vesicular form of matter is the form in which we see it 
in clouds. It consists of very minute vesicles, resembling bubbles, 
and it is the state into which many vapors pass before they assume 
a fluid condition. 

28. Some substances are capable, under certain conditions, of 
assuming all these different forms. Water, for instance, is solid in 
the form of ice, fluid as water, in the gaseous state when converted 
into steam, and vesicular in the form of clouds. 

29. All matter, whether in the solid, liquid, gaseous, or vesicular 
form, is either simple or compound in its nature. But this consider- 
ation of matter pertains more properly to the science of chemistry. 
It is proper, however, here to explain what is meant by a simple or 
homogeneous and a compound or heterogeneous substance. 

30. All matter is composed of very minute particles or atoms, 
united together by different degrees of cohesion. When all the 
atoms are of the same kind, the body is a simple or homogeneous 
substance. Thus, for instance, pure iron, pure gold, &c., consists 
of very minute particles or atoms, all of which are pure iron or 
pure gold. But water, and many other substances, are compound 
substances, composed of atoms of two or more different substances, 
combined by chemical affinity. 

Note. — The ancient philosophers supposed that all material substances 
were co;nposed of Fire, Air, Earth and Water, and these four substanees 
wer« oaUed the four elements, because they were supposed to be tbe simple 
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Bobtflanoes of whioh all things are oojiposed. Bat modern seienee hif 
shown that not one of these is a simple sabstanoe. Water, for instance. Is 
oomposed of two inyisible gases, called Hydrogen and Oxygen, united in the 
proportion of one part, in weight, of hydrogen to eight of oxygen ; or, by 
measure, one part of oxygen to two of hydrogen. In like manner air, or, 
rather, what the ancients understood by air, is composed of oxygen united 
with another invisible gas, called nitrogen or azott, in the proportion of 
seventy-two parts of the latter to twenty -eight of the former. 

The enumeration of the elementary substances, which, either by them> 
selves or in union with one another, make up the material world, properly 
belongs to the science of chemistry. it& this work may fall into the hands 
of some who will not find the information elsewhere, a list of the simple 
substances or elements is here presented, so far as modern science has 
investigated them. They are sixty-one in number, forty-nine of whioh are 
metallic and twelve are non-metallic. 

The forty-nine metals are 



Gold, 


Manganese, 


Potassium, 


jDufyntttm, 


SUver, 


Cadmium, 


Sodium, 


Erhiwm.y 


Iron, 


Uraniam, 


Lithium, 


Terbiuniy 


Copper, 


Palladium, 


Barium, 


Ruthenium^ 


Tin, 


Rhodium, 


Strontium, 


Pelopium, "^ 


Mercury, 


Iridium, 


Calcium, 


Niobium, 


Lead, 


Osmium, 


Magnesium, 


Selenium, 


Zinc, 


Titanium, 


Aluminum, 


{This substance is ofiftm 


Nickel, 


Columbium, 


Glucinum, 


tionable nature, some of 


Cobalt, 


Tellurium, 


Yttrium, 


its properties indicating a 


Bismuth, 


Tungsten, 


Zirconium, 


mdalUc and some a iioi»« 


Platinum, 


Molybdenum, 


Thorium, 


metallic character, "[ 


Antimony, 


Vanadium, 


Cerium, 


[The last seven, in Italic, 


Arsenic, 


Chromium, 


Lantanium, 


have not yet been 




» 




fully investigated.] 


The non- 


metallic elements' are 


► 


• 


Oxygen, 


Sulphur, 


Chlorine, 


Fluorine, 


Hydrogen, 


Phosphorus, 


Bromine, 


Borax, 


Nitrogen, 


Carbon, 


Iodine,* 


Silica. 



Of the elementary substances now enumerated, about fourteei) constitute 
the great mass of our earth and its atmosphere. The remainder occur only 
in comparatively small quantities, while nearly a third of the whole number 
is so rare that their uses in the great economy of nature are not under* 
stood, norliave they as yet admitted of any useful application. 

The science of Geology reveals to us the fact that granite appears to be 
the foundation of the crust of the «arth ; and in the granite, either in its 
original formation, or in veins or seams which have been thrown up by 
subterranean forces into the granite, all of the elementary substances which 
have been enumerated are to be found.* A chart is presented below in 
which the materials composing the strata of the crust of the earth are 
enumerated, together with a tabular view of the composition of these 
materials. It is not contended that this chart is perfectly accurate in all 
its details ; but, as it affords an interesting and extensive subject of inves* 
tigation, and 'as it is not to be found elsewhere in print, it is thought ihaX 
it will be well worth the space which it occupies, although a rigid olasii* 
fioation would exclude it from this work. 
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that where one body is another cannot be without diS' 
placing it. 

33. This property, Impenetrability, belongs to all bodies and 
forms of matter, whether solid, fluid, gaseous, or vesicular. 

The impenetrability of common air may be shown by immersmg 
an inverted tumbler in a vessel of water. The air prevents the 
water from rising into the tumbler. An empty bottle, also, forcibly 
held horizontally under the yr^^ter, will exhibit the same property ; 
for the bottle, apparently empty, is filled with air, which escapes 
in bubbles from the bottle as the water enters it. But, if the bottle 
be inverted, the water cannot enter the bottle, on account of the 
impenetrability of the air within.* 

* This ciroamstance explains the reason why water, or any other liquid, 
poured into a tunnel olosely ineertfed in the mouth of a decanter, will run 
over the sides of the decanter. The air filling the decanter, and having 
no means of escape, prevents the fluid from entering the decanter ; but, if 
the tunnel be lifted from the decanter but a little, so as to afford the air an 
opportunity to escape, the water will then flow into the decanter in an un- 
interrupted stream. 

'When a nail is driven into wood or any other substances, it forces the 
particles asunder and makes its way between them. 

An experiment was made at Florence, many years ago, to show the im- 
penetrability of water. A hollow globe of gold was filled with water and 
subjected to great pressure. The w&ter, having no other means of escape, 
was seen to exude from the pores of the gold; 

The reason why fluids appear less impenetrable than solids is that the 
particles which compose the fluids move easily among themselves, on account 
of their slight degree of cohesion, and when any pressure is exerted upon a 
fluid the particles move readily into the unoccupied space to which they 
hav« access. But, if the fluid be surrounded on all sides, and have no 
means of escape, it will be found to possess the property of impenetrability 
in no less a degree than solid bodies. 

A well-known fact seems, at first view, to be at variance with this state- 
ment. When a vessel is filled to the brim with water or other fluid, a con- 
siderable portion of salt may be dropped into the fluid without causing the 
vessel to overflow. And, when salt has been added until the water can 
hold no mpre in solution, a considerable quantity of sugar can be added in 
a similar manner. The explanation of this familiar p. - 

fact is as follows. The particles of the sugar are _ ^^ 

smaller than the particles of the salt, and the particles '" 

of the salt. are smaller than the particles which compose 
the water. Now, supposing all of these particles to be 
globiilar, .they will arrange themselves as is represented 
in Fig. 1, in which the particles of the water are indi- 
cated by the largest circles, those of the salt by the 
next in size, and those of the sugar by the smallest. 

Familiar Experiment. — Fill a bowl or tumbler with peas, then pour on 
the peas mustard-seed or fine grain, shaking the yessel to cause it to fill the 
Vacant spaces between the peas. . In like manner add, successively, fine sand, 
water, salt and sugar. This will afford an illustration of the apparent paradox 
f»f two bodies ooeupying the same space, and show that it is only t^tparaU* 
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F^yio^w ^' Extension. — Extension is but another 
Esoen- name for bulk or sizq^ and it is expressed bj the 
'"^' terms length, breadth' or width, height, depth and 
thickness. 

NoTK. — Length u the extent from end to end. Breadth or width is the 
extent from side to side: Height, depth or thickness, is the extent froai 
the top to the bottom. The measure of a bodj from the bottom to ihe top 
is called height ; from the top to the bottom, is called depth. Thus we 
apeak of the depth of a well, the height of a house, Ac. 

' S^' *^ 35. Figure is the form or shape of a body. 

36. Figvire and Extension are separate properties, althoagh both 
may be represented by the same terms, lepgth, breadth, &c. But 
they differ as the words shape and size differ. Two bodies may be 
e£ the same figure or shape, but of vastly di^rent size. A graj)e and 
an orange resemble each other in shape, but differ widely in size. 
The limits of extension constitute figure, but figure has no other 
connexion with extension. 

What is 37. Divisibility. — Divisibility is susceptibility 
«%; of bemg diYided. 

38. To the divisibility of matter there is no known limit, nor 
can we conceive of anything so small that it is not made up of two 
halves or four quarters. It is indeed true that our senses are quite 
limited in their operation, and that we cannot perceive or take 
cognizance, by means of our senses, of many objects of the existence 
of which we are convinced without their immediate and direct 
testimony. 

39. Sir Isaac-Newton has shown that the thickest part of a soap- 
bubble does not exceed the two-millionth part of an inch. 

40. The microscopic observations of Ehrenberg have proved that 
there are many species of little creatures, called Infusoria, sojBmall 
that millions of toem coUficted into a single mass would not exceed 
the bulk of a grain of ssmd, and thousJands of them might swim 
side by side through the eye of a small needle. 

41. In the slate formations in Bohemia these little creatures are 
found in a fossil state, so small that it would require a hundred and 
eighty-seven millions of them to weigh a single grain. 

42. A single thread of the spider's web has been fbund to be 
composed of six thousand filaments. 

43. A single grain of gold may be hammered by a gold-beater 
^ until it will cover fifty square inches ; each square inch may be 

divided into two hundred strips ; and each strip into two hundred 
.parts. One of these parts is only one two-millionth part of a grain 
of gold, and yet it may be seen with the naked eye. 
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44. The particlea which escape from odoiiferoiM objecto aloa 
afibrd iDstanoes of extreme diyisibility. 

Inde- 45. li^DESTRTJCTiBiiiiTT. — By the Indestmcti- 

structi' bility of matter is meant that it canndt be destroyed. 

46. A body may be indefinitely divided or altered in its form, 
color, and other unessential properties, but it can never be destroyed 
by man. It must continue to exist in some form, with all its 
essential properties, through all its changes of external appearance. 
He alone ** who can create can destroy:" 

47. When water disappears, either by boiling over a fire or by 
evaporation under the heat of the sun, it is not destroyed, bat 
merely changed from a liquid to a fluid form, and becomes steam or* 
vapor. Some of its unessential properties are altered, but its essential 
properties remain the same, under all the changes which it under- 
goes. In the form of water it has no elasticity * and but a limited 
degree of compressibility.*" But when "it dries up" (as it is 
called) it rises in the form of steam or vapor, and expands to such a 
degree as to become invisible. It then assumes other properties, 
not possessed before (such as elasticity and expansibility); it ascends 
kii the air and forms clouds ; these clouds, affected by the temperature 
of the air and other agents, again fall to the earth in the form of 
rain, hail, snow or sleet, and form springs, fountains, rivers, &c. 
The water on or in the earth, therefore, is constantly changing its 
shape or situation, but no particle of it is ever actually destroyed. 

48. Substances used as fuel, whether in the form of wood, coal, 
or other materials, in like manner undergo many changes by the 
process of combustion. Parts of them rise in the form of smoke, 
part ascends in vapor, while the remainder is reduced to the form 
of ashes ; but no part is absolutely destroved. Combustion merely 
disunites the simple substances of which the burning materials are 
composed, forming them into new combinations ; but every part still 
continaes in existence, and retains all the essential f properties of 
bodies. 

What is 49* Inertia. — Inertia 4: is the resistance of 
Inertia t matter to a change of state, whether of motion or 
of rest. 

* Late writers assert that water has a slight degree both of el^tldty and 
expansibility. 

t The reader will be careful to cany in his mind what is meant by the 
term ansssential property. It is explained in the note to No. 81, page 21. 

X The literal meaning of inertia is inactivity, and implies tnabUiijf ia 
change a state of rest or qf motion, A clear and ditttinct understaudiag of 
this property of all matter is essential in all the departments cf material 
philosophy. AU matter, meohanically considered, must be in a state either ^ 
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50. A body at reat cannot [iqI itMlf in noHou, nor can a bodj 
m motion atop itself. This incapAcitj bi ehuige ita atale ftran rett 
to motion, or Irom moticai.to'a Btata of mt, ii wbftt ia impliad Irj 
the term inerlia. 

51. It follows, tberefoTs, from what hai jiut been itatod, tint 
wliea a bodj is in motion its in«r(ta will oanie it to oontioiia touiOT* 
nntil its motion is destroyed bj some other force. 

52. There are two forces ooDstastl; eserted aronnd us wbicfa 
tend to destroy motion, namely, graoily and the raittanct of the air. 
All motion caused by animal or mecbanieal power i* a&cted by 
these two forces. Gravity (which will presently be explained) 
causes all bodies, whether in motion or at rat, to lend towards the 
centre of the earth, and the air presents a resiatance to all bodie* 
moving in it. Could these and all other direct ng. i, 
oliUackt to motion be set aside, a body when 

once put in motion would always remain in 
motioa, and a body at rest, una&cted by any 
extemaJ force, would always remain at rest.* 

58. Experiment to illustrate Inertia. — _ 
^g: 2 repreoenU the simple aftparabu of 
Hr. Wi^tman for iliustratiiig the inertia 
of a body. A card is placed on the top of 
K stand, and a ball is balanced on the c&rd. A qaiok motion b 

afmotionorreBt : and, in whsteTer itate it mai7 b«, it mult lemain In Uut 
M«le nntil a ohange il eS«iII«d by lome effioiant unw, lodepeiident of tlia 
bajy Itself. A boij plwed apoa another bodj in motion putakse of th« 
motioD of the bod; on which it is placed. But, if that bod; be inddeiilf 
Mopped, the Baperinoambeot bodj will nob itop at the sune time, nnleu il 
be eeourelj futened. Thug, it a horsa moTing at a ntpid rate be Buddeulj 
(topped, the rider will be thrown forward, on uaounb of thia inntia of hie 
bodj, unlesti b; extra eiertlon he secures himielf on tbe Bwidle bj braeiu| 
liil feet on the atirrups. On UiD sonlrarj, if the boree, from a state of reit. 
itart niddeal; forward, tbe rider will be thrown bimkwsrdi. Tor the aame 
rauon, when a penon jnmps fiua a vehicle in motion to the groand, hia 
bodj, parUkiug of tbe motion oT tLe Tohiolo, eannot be auddenlj brooght . 
lo a state of rest bj his feet resting on tltf ground, bat will be thrown 

refaiole. Tbia ii the reuon Uiat to many aooidents happen from leaping 
from a Tohiole in motion. 

• In the absenae of all positire proof from tbe things aronnd iu of 

tCHhea that inertia is one of the necessary properties of all matter. The 
haavenlj bodies, lauoabed bj the hand of their Creator into the fielde of 
Inflnite apace, with bo opposing fotoo bnt gravity alone, have perfoiined 
their gtoted rerolutiona in perfect consistency with the oharaater ffbloh 
this property gives Ibem -, and all (be oalonlations whioh have been made 
With reepect to them, veriSed as tbey have repeaUdlj been by observation, 
hava been predicated on their possesiion uf thla neoeiearj property of all 
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Aen ^yeo to tke oai;^ by meana of a Bpring, and the oaid fliefl 
off, leaving the ball on the top of the stand.'*'' 

54. Nature seems to have engrafted some knowledge of mechan- 
ical laws on the instinct of animals. When an animal, and especially 
a large animal, is in rapid motion, he cannot (on account of the 
inertia of his body) suddenly stop his motion, or change its direction ; 
and the larger the animal the more difficult does a sudden stoppage 
become. Tne hare pursued by the hound often escapes, when the 
dog is nearly upon him, by a sudden tarn, or changing the direction 
of its flight, thus gaining time upon his pursuer, whose inertia is not 
BO readily overcome, and' who is thus impelled forward beyond the 
spot where the hare turned. 

55. Children at play are in the same manner enabled '* to dodge** 
their elder playmates, and the activity of a boy will often enable 
him to escape the pursuit of a man. 

56. It is the enect of inertia to render us sensible to motion. A 
person in motion would Se quite nnconscious (^ that state, were it 
not for the obstacles which have a tendency to impede his progress. 
In a boat on smooth water, motion is perceptible only by the 
apparent change in the ^sition of surrounding objects^, bat, if the 
course of the boat be interrupted by running aereund, or striking 
against a rock, the person in the boat would feel the shock caused 
by the sudden change from a state of motion to a state of rest, and, 
unless secared to his seat in the boat, he would be precipitated 
forward 

What is At- 57. ATTRACTION. — Attraction is the tendency 
traction? nfhich different bodies or portions of matter 
have to approach or to adhere to each other. 

What is the ^^' ^^^^7 portion of matter is attracted by every 
law of At' other portion of matter, and this attraction is the 
traction, stronger in proportion to ^e quantity %nd the dis- 
tance. The larger the quantity and the less the distance, the 
stronger is the attraction.! 

* The baU remains on tbe pillar in this case not solely from its iuerttu, 
but because snflScient motion is not communicated to the bi»ll by the fric- 
tion of the card to counteract the e£fect of gravity on the ball. If the 
ball, therefore, be not accurately balanced on the card, the experiment will 
not be successful, because the card cannot move without communicating at 
least a portion of its motion to the ball. 

t [N. B. This subject will be more fully treated under the bead of 
GravU^. See page 33.] 
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l£iw many 59. There are two kinds of attraction, namely, 
fraction are ^^ Attraction of GraTitation wd the Attraction 
there r of Cohesion. 

The former belongs to all matter, Caterer its fbnn; the 
latter appears to belong principftllj to solid bodies. 

What ts the 60. The Attraction of Gravitation is the 
ofGraoi- reciprocal attraction of separate portions of 
iaiion ' matter. 

What ts tne ^^' ^^® Attraction of Gohesioii is lliat which 
Attraction canses the pavticles of a body to cohere together. 

of Cohesion^ [S^e No. 31.] 

62. Tho attraction of cohesion appears to exist bat in a my 
slight degree, if at all, in Uquids and fluids. 

EaeempJ^y ^t> ww^ . « . . , • 

the two kinds ^^» ^^ attraction of gravitation eanses a body, 

ofAttrao- ip^hen unsupported, to &11 to the ground. The 
Iv Gravity attraction of cohesion holds together the particles 

andCohesivt of a body, and causes them to unite in masses.^ 
Attraction ? ^ 

64. Havine described the essential properties of bodies, we 
'come now to the consideration of other properties belonging respect- 
ively to difierent kinds of matter ; such as rorosity, Density, Raiity, 
Compressibility, Expannbilitjr, Mobility, Elasticity, BritUeness, 
Blexibility, Malleability, Ductility, Tenacity. 

65. It has ahready been stated that matter consists of minute 
particles or atoms, united by dififerent degrees of cohesive attraction. 
These atoms are p^robabbr of different shapes in difierent bodies, and 
.the tdiifetent degrees of compactneea with which they unite give 
rise to certain qualities, whioh differ greatly in different substances. 
These qualities or properties are described under the names of 
Porosity, Density and Karity, which will presently be described. 

* Besides these two kinds of attraction, there seem to be other kinds 
of attractive foroe, active in vegetation and in animal life, known by the 
aames of Endo»mo»e and Exoamose, terms applied to the transmission of 

Seeous matter or vapors through membranous substanees. See no^^^ ^ 
pillar J Attraction, under the head of Hydrottattca, on page Hi. 
Other kinds of attraction, called Electrical and Magnetioal Attraction, 
wiU hereafter be considered under their appropriate head. The 8««>Jo®* ^^ 
Chemical Attraction or Affinity belongs distinctly to the subject of Ohemmry 
and will not, therefore, be considered in this worl; 
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66. Besides tfao property of attraction possessed by the partxcloi 
or atoms of which a, body is composed, there seems to be another 
property, of a nature directly opposite to attraction, which exerts 
Itself with a repulsive force, to prevent a closer, approximation of . 
the particles than that which by the law of their nature they assume. 
This property is called repulsion. This repulsion prevents the par- 
ticles or atoms from coming into perfect contact, so that there must 
be small spaces between them, where they do not absolutely touch 
one another. [See Figure 1st.] These spaces are called pores, and 
where they exist give rise to that property or quality described 
under the name of Forosity. 

What is ^ 67. Porosity. — Porosity implies, therefore, thkt 
Porosity f there are spaces, or pores, between the particles or 
atoms which form the mass of a body. 

68. Density. — When the pores are few, so that a large number 
of particles unite in a small mass, the body is caUed a dense body. 

What is 69. Density, therefore, implies the closeness or 
Density? compactness of the particles which compose any 
substance. 

70. Rarity. — When the pores in any substance are numerous 
so that the particles which form it touch one another in only a few 
points, the body is called a rare body. 

What is 71. Rarity, therefore, is the reverse of density, 
Rarity^ j^^^j implies extension of bulk without increase in 
the quantity of matter. 

72. From what has now been stated it appears [See No, 67] that 
the particles of a body are connected together by a system of attrac- 
tions and repulsions which give rise to distinctions which have 
already been described. It remains to be stated that these attractions . 
and repulsions differ much in degree in different substances, and this 
difference gives rise to other properties, which will now be explained, 
under their appropriate names. 

73. . Compressibility. — When the repulsion of the particles of any 
substance can be overcome and the mass can be reduced within 
narrower limits of extension, it is said to possess the property of 
Compressibility.* 

* Compressibility differs from Contractibtltty rather in' oanae than in 
offoot. Gontractibilitj implies a change of bulk caused bj change of 
temperature, or any other agency not mechanical. Compressibility implies 
that the diminution of bulk is caused by some external raoohanioal fr>roe. 
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What is '^^ Compressibility, therefore, may be defined,, the 
Campres^ ausceptibilitj of a reduction of the limits of ex* 
»^'^y' tension. 

75. This property ts possessed by all known sabstaoces, but in 
▼ery difibrent degrees, — some sobatuioes reqnsring bai little force 
to compress tbem, others resisting very great forces ; bat it is not 
known that there is any substance unsusceptible of compression, if 
a sufficient force be applied.* 

76. Liquids in general are less easily compressed than solid 
bodies ; so much so, indeed, that in practical science they are gen- 
erally . considered as incompressible. Under a very considerable 
mechanical'force, a slight degree of compression has been obsenred-i 

77. ExpansibhittI — The system ot attractions and repulsions 
among the particles of a body are sometimes so equsdly balanced 
that Siej exist, as it were, in an equilibrium. In other cases the 
repulsive energy is so great as to predominate when the attractive 
force is unaided. When the repiusive energy is permitted to act 
without restraint, it forces the particles asunder and increases the 
limits of extension, ^ving rise to another property of matter 
possessed by many bodies, but in an eminent degree by matter in a 
gaseous form. This property is called ExptmsHnlUy. 

What is '^^^ Expansibility, J therefore, may be defined 
Expansi' as that property of matter by which it is enabled 
to increase its limits of extension. 



Witt/ ? 



79. Elasticity. — When tiie atoms or particles which constitute 
a body are so balanced by a system of attractions and repulsions 
that they resist any force which tends to change the figure of the 

* Sir Isaac Newton oonjeotnred that if the earth were so oompreowd 
as to be absolutely without pores^ its dimensions might not exceed a oubio 
inch. 

f Under a pressure of fifteen pounds on a square inch, water has been 
diminished in bulk only by about forty-nine parts in a million. Under a 
pressure of fifteen thousand pounds on a square inch, it was compressed 
by about one-twentieth of its volume. The experiment Was tried In a cannon, 
and the cannon was burst. 

X Expansibility and Dilatability are but different names for the same 
property ; but expansion implies an augmentation of the bulk or volume, 
dependent on mechanical agency, while dilatation expresses the same 
condition produced by some physical cause not properly falling under the 
denomination of mechanical force. Thus heat dilates most substances, 
while cold contracts them. It is on this principle that thetihermometer is 
constructed. [See page 149, No. 546.] **> 

All gaseous bodies are invested with the property of dilatability to ac 
unlimited degree, by means of which, when unrestrained, they will expand 
gpontaneously, and that without the application of any ejternal sgenoy^ to 
a degree to which there is no knc%n Ihnit. 
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boijy, they will possess another property, known by the name of 

Elasticity. 

What is ^^* Elasticity, therefore is the property whiok 
Elasticr causes a body to resume its shape after it has been 
' ^* compressed or expanded.^ 

81. Thus, when a bow or fk steel spiking is bent, its elastioity 
causes it to resume its shape. 

82. India rubber (or caoutchouc) possesses the property of 
elasticity in a remarkable degree, but steam and other bodies in 
a gaseous form in a still greater.! 

83. Ivory is endowed with the property of elasticity in a remark- 
able degree, but exhibits it not so much by the mere force of pressure, 
but it requires the force of impact to produce change of form 4 

What is 84. Brittleness. — Brittleness implies aptness 
rJssst " ^ break into irregular fragments.^ 

* This property is possessed, in at leMt some sniflll degree) by aU sub- 
stances ; or, at least, it eannot be said that any substanee is wholly 
destitute of elasticity. Even water and other liquids, which jrield with 
difficulty to compression, recover their volume with a force apparently 
equal to the compressing force. But, for most practical purposes, many 
substances, such as putty, wet paste, moist paper, clay, and similar bodies, 
afford examples of substances possessing the property of elasticity in so 
Blight a degree that they are treated as non'daHic bodies. 

t The gases or aeriform bodies afford the most remarkable instanoes 
of elasticity. When water is converted into steam it occupies a space 
seventeen hundred times greater than the water from which it is formed, and 
its elastioity causes it to expand to stiU larger dimensions on the application 
of heat. It is this peculiar property of steam, modified, as will be explained 
in a future part of this work, which is the foundation of its application in 
the movement of machinery. All gaseous bodies are equally elastic. 

X The metals which are best adapted to produce sound are those 
which are most highly elastic. It sometimes happens that two metals, 
neither of which have any great degree of hardness or elasticity, when 
combined in certain proportions, will acquire both of these properties. 
Thus tin and copper, neither of which in a pure state is hard or elastic, 
when mixed in a certain proportion, produce a compound so hard and 
elastic that it is eminent for its sonorous property, and is used for making 
bells, Ao 

§ Brittleness and hardness are properties which frequently accom- 
pany each otl^er, and brittleness is not inconsistent with elastioity. Thu 
glass, for instance, which fs the most brittle of all known substances, is 
highly elastic. The same body may acquire or be divested of its brittle- 
Aes3 according to the treatment which it reoeives. Thus iron, and some 
other metals, when hef^ted and suddenly plunged into cold water, beoome 
brittle; but if, in a Iieated state, they ve buned in hot sand, and thaabo 
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tro* « 85. Flbxebilitt. — Flexibility implies s dit- 
Hliiy? position to yield without breaking when bent 

y^^^ ^ 86. Malleability. — Malleability implies that 
Mallea- property by means of which a body may be re- 
' ' ^' dmced to the form of thin plates by means of the 
hammer or the procure of rollers. 

87. This property is possessed in an eminent degree by some of 
the metals, especially gold, silver, iron and copper, and it isof TBst 
importance in the arts. A knowledge of the uses of iron, and of its 
malleability, is one of the first steps from a savage to a civilized state 
of life. 

88. The most malleable of the metals is gold, which may be 
hammered to such a degree of thinness as to require three hundred 
and sixty thousand leaves to equal an inch in thickness.* 

89. Ductility. — Some substances admit of being extended simul- 
taneously both in length and breadth. Others can be extended to 
a greater degree in length alone ; and this property gives rise to 
another name, called Ductility. 

What is 90. DucTiLmr. — Ductility is that properly 
thictilitt/? ^\^q}^ renders a substance susceptible of being 
Irawn out into wire. 

91. The same metals are not always both ducUle and malleable 
to the same degree. Thus iron may be beaten into any form, when 
heated, but not into very thin plates, but it can be drawn into 
extremely fine wire. Tin and lead, on the contrary, cannot be drawn 
out into small wire, but they are susceptible of being beaten into 
extremely thin leaves. 

92. Gold and platiuum have a high degree both of ductility and 
malleability. Gold can be beaten (as has already been stated) into 

permitted to oool very gradaatly, they will lose their brittleness and 
iMiqaire the opposite quality of fiezihility. This process in the arts Is 
ealled annealing, 

* The malleability of the metals varies according to their temper- 
ature. Iron is most malleable at a white heat. Zinc becomes malleable at 
the temperature of 300° or iWP, Some of the metals, and especially anti- 
mony, arsenic, bismuth and oobalt, possess scarcely any degree of this 
property. 

*The familiar process of welding is dependent on malleability. The two 
pieces of metal to be welded are first heated to that temperature at which 
they are most malleable, and, the ends being placed together, the particle! 
are driven into such intimate connexion by the welding-hammer that they 
«sh«re. Di&rent metali may in Bom« eases be thus welded together. 
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leaves so thin that it woald require manj tbousftods of them to eqiad 
an inch in thickness. It has also been drawn into wire so attena 
ated that one (lundred and eighty yards of it would not weigh more 
than a single mm. An ounce of such wire -would be more thav 
fifty miles in length. But platinum can be drawn eren to a Gooi 
wire than this. 

What is 93. Tenacitiy. — Tenacity implies the adheslot 
Tmddtyl ^£ the particles of a body. 

94. Tenacity is one of the great elements of strength. It is th» 
absence of tenacity which constitutes brittleness. Both impli 
strength, but in different forms. Thus glass, the most brittle of ah 
substances, has a ^eat degree of tenacity. A slender rod of glass, 
which cannot resist the slightest lateral pressure, if suspended 
vertically by one end will sustain a very considerable weight at the 
other end.* 

* A knowledge of the tenacity of different substances is of great mse in 
the arts. The tenacity of metals and other substances has been ascertained 
by suspending weights from wires of the metals, or rods and cords of 
different materials. 

The following table presents very nearly the weights sustained by wires 
of different metals, each haying tiie diameter of about one-twelfth of an 
inch. • 

Iiead, 27 pounds. Silver, 187 pounds. 

Tin, 34 " Platinum, 274 " 

Zino, 109 «« Copper, 302 «• 

Gpld, 160 « Iron, 649 «« 

Cords of different materials, but of the same diameter, sustained the fol- 
lowing weights : 

Common flax, 1175 pounds. New Zealand flax, 2380 pounds 

Hemp, 1633 *' Silk, 3400 «< 

The following table presents a more extended list of materials. The 
area of a transverse section of the rods on which the experiment was tried 
was one square inch. 

Founds Ay<rfrdttpol8. Poands AToirdnpois. 

English Oak, 8,000 to 12,000 Tin, ^ 7,129 

Fir, * 11,000 Lead, 3,146 

Beech, 11,600 Bope, 1 inch in cireom- 

Mahogany, 8,000 ference, 1,000 

Teak, 16,000 Whale line, 2 inches in 

Cast Steel, 134,266 circumference, spun by 

Iron Wire, 93,964 hand, 2,240 

Swedish Bar-iron, 72,064 Do., by machinery, 3,620 

Cast-iron, . 18,666 Rope, 3 inches in «ircum- 

Wrought Copper, 33,792 ference, 6,028 

Platinum Wire, 62,987 Do., 4 inches, 9,988 

Silver Wire, 38,267 Cable, 14i inches, 89,600 

Gold, 30,888 Do., 23 inches, 266,360 

Zino, 22,661 

A more psrtiealar aoeonnt of the tenacity of rariou lubrtaaees will be 
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95. The tenadty of metals is much increased by uniting them. 
A compound consisting of five parts of gold and one of copper has a 
tenacity of more than double that of the gold or copper alone ; and 
brass, which is composed of copper and zinc, has a tenacity more 
than double that of the copper, and nearly twenty times as great as 
that ef the zinc alone. A mixture of three parts of tin and one of 
lead has a tenacity more than double that of the tin ; and a mixture 
of eight parts of lead and one of zinc has a tenacity nearly double 
that of the zinc, and nearly fiye times that of the lead alone.* 

96. GitAyiTT. — It has already been stated that matter in all its 
forms, whether solid, fluid or gaseous, possesses the property of 
attraction. This property, with its laws, is now to be particulsiiy 
oonsidered, under the name of Gravity. 

What is 9T. Gravity is the reciprocal attraction of sep* 
^^ravttyf ^^^^ portions of matter. 

With what ^2 ^^^-g attract each other with a force pro- 

force do ml ^ 

bodies au portionate to their size, density and distance from 
Z'^T^ each other. [See No, 69.] 

98. This law explains the reason why a body which is not sup- 
ported falls to the earth. Two bodies existing in any portion of 
space mutually attract each other, and would rush together were 
tney not prevented by some superior force. Let us suppose, for 
instance, that two balls made of the same materials, but one weigh- 
ing 11 pounds and the other weighing only one pound, were ten 
feet apart, but both were a hundred feet above the surface of the 
earth. 'According to this law, the two balls would rush together, 
the lighter ball passing over nine feet of the distance, and the 
heayier ball over one* foot ; and this they would do, were they not 
both prevented by a superior force. Y^at swperior force is the earthy 
which, being a much larger body, attracts them both voith a suferior force. 
This superior force they will both obey, and both will therefore fall 
to the earth. As the attraction of the earth and of the balls is 
mutual, the earth will also move towards the balls while the balls 
are falling to the earth ; but the size of the earth is so much ^eater 
than that of the balls, that the distance that the earth would move 
towards the balls would be too small to be appreciated.! 

found in Barlow's Essay on the Strength of Timber, Rennie's Treatise 
(in Phil, Trans, 1818), Tredgold's Principles of Carpentry, and the 4th vol. 
of Manchester Memoirs, by Mr. Hodgkinson. 

* There are many other specific properties of bodies besides those that 
have now been enumerated, the consideration of which belongs to the 
loienee of Chemistry. 

t The earth is one quatrillion, that is, one thousand million millions 
times larger than the largest body which has ever been known to fall 
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99. The attraction of the earth is the cause of what we call 
weight. When we say that a body weighs an ounce, a pound, or 
a ton, we express by these terms the degree of attraction oy which 
it is drawn towards the earth. Therefore, 

What is ^ 100. Weight is the measure of the earth's at- 
Weight f traction.* 

101. As this attraction depends upon the quantity of matter 
which a body contains, it follows that 

have the Those bodies will have the greatest waight 

greatest which contain the greatest quantity of matter.f 

9 weight f 

1^5. Terrestrial Gravity. — It has abeady been stated [see No. 
97] tb Jfc the attraction which one mass of mat||;er has for another is 
in proportion to the quantity and the distance ; and that, the la/ger 
the quantity of matter and the less its distance, the stronger wiU 
be the attraction. The law of this attraction may be stated as 
follows : 

What is the ^08. Every portion of matter attracts every 
law of m- other portion of matter with a force proportioned 

roc ton . directly to the quantity, and inversely as the 
square of the distance. 

through onr atmosphere. Supposing, then, that such a body ehould faU 
through a distance of one thousand feet, the earth would rise no mere than 
the hundred billionth part of an inch, a distance altogether imperceptible 
to our senses. 

The principle of mutual attrftction is not confined to the earth. It ex- 
tends to the sun, the planets, comets and stars. The earth attracts each 
of them, and each of them attracts the earth, and these mutual attractions 
are so nicely balanced by the power of God as to cause the regular motions 
of all the heavenly bodies, the diversity of the seasons, the succession of 
day and night, summer and winter, and ail the grand operations which are 
described in astronomy. 

* When we say that a body weighs an ounce, a pound, or a hundred 
pounds, we express, by these terms, the degree of attraction by which it is 
drawn towards the earth. 

t The weight of a body is not dependent solely on its size or bulk ; its 
density must also be considered. If we take an equal quantity, by measure, 
of two substances, — lead and cork, for instance, — we shall find that, although 
both are of the same size, the lead will weigh much more than the cork. 
The cork is more porous than the lead, and, consequently, the particles of 
which it is composed must be further apart,' and therefore there must be 
fewer of them within a given bulk ; while, in the lead, the pores are much 
■mailer, and the particles will, therefore, be crowded into a much fmaUer 
■Pwe . 
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104» Lai oi now ^ply ibis law to twfMtaal g;mTi^** tluii is, to 

the earth's attraction ; and, for that parpoae, let na mayjpcme foor 
balls, of the same sixe and dendtj, io bo plaaed ntpeotiTelj m Cal- 
lows, namely: 

The first at the centre of the earth. 

Th« second on the surface of the earth. 

The third aboTe the earth's surface, at twice the distance of the 
surface from the centre (that distance bang four thousand mUes), 

The fourth to be half way between the sor&oe and the centre. 

To ascertain the attEao(i?e fioroe of the earth on each of these balls, 
we reason thus : 

The first ball (ai the centre) will be surrounded on all sides by wa 
equal quantity of moitter, and it will remain at rest. 

The second ball will be attracted downwards to the oentre by the 
whole mass below it. 

The third ball, being at twice the distance from the surfaoe (grariW * 
decreasing as the Siftutre of the distance increases) ^ wilUbe attractsd 
by a force equal to only one-fourth of that at the surface.^ • 

The fourth bsfll, being attracted doumwards by that person of the • 
earth which is below it, and upwards by that portion which is abore 
it, will be infiuenced oiUy by the difference between these two oppo- 
site attractions ; and, as the downward attraction is twice as greatms 
the upward, the downward attraction will prevail with half its 
original force, the other half being balanced by the upward attrac- 
tion. 

105. As weight is the measure of the earth's attraction, we may 
represent this princij^le bv the weight of the balls, as follows (sup* 
fosine the waght of each ball, at the surface of the earthy to be one 
pound) : 

The first ball will weigh nothing. 
The second will weigh one pound. 
The third will weigh one-quarter of a pound. 
' The fourth will weigh one-naif of a pound. 

The law of terrestrial gravity, then, may be stated as follows ; 

WhiU ' th£ ^^^' '^^ ^®'^® ^^ gravity is greatest at the but- 
lauf of Ter- ^Buce of the earth, and it decreases upwards as the 
restnal square of the distance from the eentre inereoses, 
^ and downwards simply as the distance from the 
centre decreases. 

According to the principles just stated, a body which at the sur- 
ISMe of the earth weighs a pound at the centre of the earth will 
weigh nothing. 

1000 miles from the centre it will weigh ^ of a pound. 
2000 " " ** " ** " 4 of a pound. 

3000 " " ** " " " I of a pound. 

4000 « « (< (( (( (( 1 pound. 
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8000 miles from the cenixe it will weigh i of a povndL 
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If the principles that have now been stated hare been nndeisioodt 
Uie solution of the following questions will sot be difficult. 



^ 



107. Qitestions Jor Solution. 



[N. B. We use the term wight in these questions in its philosophioal - 
sense, as '* the measure of the earth* s attraction at the surface*"} 

(1.) Suppose that a body weighing 800 pounds could be sunk 500 
miles deep into the earth, — what would it weigh? 

Solution^ 500 miles is I of 4000 miles ; and, as^the distance from 
the centre is decreased by i, its weight would also be decreased in 
tiio same proportion, and thie body would weigh 700 pounds. 

(2.) Suppose a body weighing 2 tons were sunk one mile below* 
the surface of the earth, what would it weight Ans. 1.9995 71' 

(S.) If a load of coal weighs six tons at the surface of the e.arth, 
what would it weigh in the mine from which it was taken, sup- 
posing the mine were at a perpendicular distance of half a mue 
from the surface? Ans. 5.9992571 

(4.) If the fossil bones of an animal dug from a depth of 5228 feet 
from the surfiace, weigh four tons, what would be their weight at 
tb^ depth where they were exhumed? Ans. ST. 19cwt. 9BTb. + 

(5.) If a cubic yard of lead weigh 12 tons at the surface of the 
earth, what would it weigh ajt the distance of 1000 miles from the 
centre? Ans. ST. 

(6.) If a body on the surface of the earth weigh 4 tons, what would 
be its weight if it were elevated a thousand miles above the surface? 

Solution. Square the two distances 4000 and 5000, &c. 

Tons, cwt qra. lbs. 
V Answer. 2 11 .20. 

(7.) "Which will weigh the most, a body of ,3000 tons at the dis- 
tance of 4 millions of miles from the earth, or a body of 4000 tons at . 
the distance of 3 millions of miles? Ans. .00371 and .007 r. + 

(8.) How far above the surface pf the earth must a pound weight 
be carried to make it weigh one ounce avoirdupois ? An^. IfiOOO mi. 

(9.) If a body weigh ytons when at the distance of a thousand 
miles above the surfkce of the earth, what would it weigh at the 
surface? Ans. ST. 2cwt. mib. 

(10.) Suppose two balls ten thousand miles apart were to ap- 
proach eaoh,49li)er under the influence of mutual attraction, the 
weight of one being represented by 15, that of the other by 30. 
IBLow &[ would each move ? Ans. 6666f mi. and 8838} mi. 
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(110 Wlik>b woiiM have the Btxi>i|ger attrMttMi on 1^ 
at the distance of 95 miUions of miles from the earth, with a weig^ 
represented by 1000, or a body at the distance represented by MK, and 
a weight represented by one? Ana. As fTYTiTim.TTT ^ mr* 

(12.) Supposing the weight of a body to be represented by ^'and 
its distance at C <uid the weight of another body to be \l and its 
distance at 4, which would exert the stronger power of attno^ 
tionS Ans. Hie eeocmd, aa } to |^ 



108. The Centre of Gratitt. — As eveiy part of a body _ 
the general property of attraction, it is evident that the attraotiTe 
force of the mass of a body must be concentrated in some point ; and 
this point is called the centre of gravity of the body. 

Wlua is the 109. The Centre of Gravity of abody ig the 
GrmUyofa point about which, all the parts balance each 
My' other. 

110. This poiht in all spherical bodies of uniform density will be 
the centre of sphericity. 

111. As the earth is a spherical body, its centre of gravity is 
at the centre of its sphericity. 

' 112. When bodies approach each other under the effect of mutual 
attraction, they tend mutually to approach the centre of gravity of 
each other. 

113. For this reason, when any body falls towards the earth its 
motion will be in a straight line towards the centre of the earth. 
No two bodies from di&rent points can approach wig.z, 

the centre of a sphere in a parallel direction, and no 
two bodies suspended from different points can hang 
•fiuullel to one another. 

114. Even a pair of scale^an^ng perpendicularly 
to the earth, as represented in 'Fi^. 3, cannot 1>e 
exactly parallel, because they both point to the same 
spot,* namely, the centre of the earth. But their 
convergency is too small to be perceptible. 

y^ji^ ig fg 115. The direction in which a falling body ap- 
Vertical proachenthe surface of the earth is called a Yortioal 
^^^^ Lbe. 

No two vertical lines can be parallel. 

116. A weight suspended from any point will alwa3r8 assume n 
vertieal position.* 

I 

• f 

* Carpenters, masons and other artisans, make nse of a weight of lead 
suspended at rest by a string, for the purpose of asoortalning whether their 
work stands in a vertieal position. To this implement tiiej give the nams 
^tplumb4tne, from the Latin word ptmnUum, lead. 

4 
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117« All bodies ttnder the i&Aaeaee (^ terrestrial gravity win faU 
to the surface of the earth in the same space of time, wnen at an 
equal distance from the earth, if nothing impede them. Bat the 
air presents by its inertia a renstance to oe overcome. This resist- 
ance can be more easily overoome by dense bodies, and therefore the 
rapidity of the fipkU of a body will be'in proportion-to its density. 

To what is 

the resist- -^^^ fj^^ resistance of the air to the feU of a 

once of the . 

air too fall' body is in direct proportion to the extent of ita 

ing body surface. 
propor- 
tioned ? 

119. Heavy bodies can be made to float in the air, instead of 
falling immediately to the ground, by making the extent of their 
surface counterbalance their weight. Thus gold, which is one of 
the heaviest of all substances, when spread out into thin leaf is not 
attracted by gravity with sufficient force to overcome the resistance 
of the air ; it therefore floats in the air, or falls slowly. A sheet 
of paper also, for the same reason, will fall very slowly if spread 
open, out, if folded into a small compass, so as to present but a small 
surface to the air, it will fall much more rapidly. 

120. This principle will explain the reason why a person can 
with impunity leap from a greater height with an expanded am- 
brella in his hand. The resistance of the air to the broad surface 
of the umbrella checks the rapidity of the fall. 

121. In the same manner the aeronaut safely descends from a 
balloon at a great height by means of a parachute. But, if by any 
accident the parachute is not expanded as befalls, the rapidity of ^ 
*all will not be checked. [See Fig. 4.] • 

122. Effect of Gravity on the Density of the Aia. — The air 
extends to a verv considerable distance above the surface of the earth.* 
Fhat portion wnich lies near the surface of the earth has to sustain 
(he weight of the portions above ; and the pressure of the upper parts 

* We have no means of ascertaining the exact height to which the air 
•ztends. Sir John Hersohel says : " Laying out#f consideration all nice 
questions as to the probable existence of a definite limit to the atmosphere, 
bojond which there is, absolutely and rigorously speaking, no air, it is dear 
that, for all practical purposes, we may speak of those regions which are 
more distant abore the earth's surface than* the hundredth part of its 
^iameter as void of air, and, of course, of clouds (which are nothing but 
visible vapors, diffused and floating in the air, sustained by it, and render- 
ing it turbid, as mud does water). It seems probable, from many indica- 
tions, that the greatest height at which visible clouds ever exist does not 
exceed ten miles, at which height the density of the air is about an eighth 
part of what it is at the level of the sea." Although the exact height to 
whioh the atmosphere extends has never been aseertainedy it oeases to 
reflect the sun's rays at a greater height than forty-five miles 






at in tbt upftt i^oaa. 
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What tgett 123. The air or atmospliere exists in a Btato 
upon the ^^ compreasion, caosed by Gravity, which in- 
o»r ■' creasea ita density near the surface of the earth. 

124. GniTity causes bodies in a fluid or gaseous form to 
moTe in a direction seemirtg!i/ at varianee with ita own laws. 

Thus smoke ai' '*al«am ascend, and oil poured into a resvel oon- 
taining a heavier fluid wilJ Grst aiak ajid tben riaa to tbe eurface. 
This seetningly aDonalous oircumstaDce, when nghtl; understood, 
will be fonod to be in perfect obedience to the laws of gravi- 
tation. Smoke and steam are both HubBtiincei Ibhs dense than 
air, and are therefore less forcibly attracted bj gravitation. 
The air being more slronglj attracted than steam or smoke, on 
■ooount of its superior density, falls into the apace oocupied bj tiie 
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ateam, and fbroes it upwerda. The same reasoning applies m tbs 

esse of oil ; it ia force^pwards by the heavier fluid, and both ph^ 
nomena are thus- seen To be the neoessnrj oonsequences of gravity. 
The rising of a cork or otiier simitar light subetaDceH.frora tlie boU 
tarn of a vessel of water is explained in the Mine way. This circnm- 
stance leads to the oonsideratioa of what Is called ^tteifie ffroBitj/, 

What is '125. Specific Gravitt. — Specific Gravity 
gp^fic 18 a term used to expreas the relative weight of 
Graviti/t equal bulks of difFerent bodies.* 

126. If we take equal bulks of lead, wood, oorh and air, we find 
the lead to be the heaviest, then the wood, then the cork, and lastly 
the air. Hence we say that the specific gravity of cork is ereatei 
than that of ur, tbe specifle gravity of wood is greater than tiiut of 
cork, and the specific gravity of lead ereater than that of wood, ito. 

127. From what has now been said with respect to the attrao 
tion of gravitation and the specific gru.vitj of Ixniies, it appears that, 
although the earth attracts all substances, yet this very at tractjon 
oauses some bodies to rise and others to fall. 

128. Those bodies or substances the specific gravity of which 
is creater than that of air will fall, and those whose specific gravity 
is less than that of air will rise; or, rather, the air, being more 
strongly attracted, will ^et beneath them, and, thus displacing them, 
will cause tbem to nse. 

For the same reason, cork ^' 

and other light suhstances 
will not sink in water, be- 
cause, the specific griiyity 
of water being greater, the 
water is more strongly at^ 
tracted, and will be drawn 
down beneath them. [For 
a table of the specific 
gravity of bodies, see Hy- 

129. The principle which 

the same which occasions 
tbe ascent of smoke, steam, 
&c. Tbe materials (j'wbioli • 

• The qnanUty of matter in m body Is «i 
site, bat bj iti welghlj Som* bodiei, u ooi 
Uclit 1 othen, ulsul, gdld, manaij, Ao., u 



pMked together, ai 
Iho latter they are j. 
A pound of oork ai 

2 parent lite, whili 
>J wcl|b the null 
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A balloon is made, axe heavier than air, bnt their extenaioD la 

greatly increased, and they aie filled with an elastic fluid of a dif- 
terent nature, specifically lighter than air, so that, 6a the whole, the 
hailoon when thus filled is much lighter than a portion of air of the 
same dimensions, and it will rise. 

130. Gravity, therefore, causes bodies which are lighter thaa 
air to ascend, those which are of equal weight with air to remain 
stationary, and those which are heavier than air to descend. But 
the rapicQty of tbeir descent is afifected by the resistance of the air, 
which resistance is proportioned to the extent of surface in the 
falling body. 

131. Mechanics. — Mechanics treats of mo- 
Mechanicsf ^^^^' ^^^ ^^^ moving powers, their nature and 
• laws, with their effects in machines. 

^Y *t -^^^ Motion is a continued change of place* 

133. On account of the inertia of matter, a body at rest eannol 
put itself in motion, nor can a body in motion stop itself. 

Whatis 

meant by 134. That which causes motion is called a Farce. 

a Force f 
'WTust is 

meatuhf ^ ^^^- ^^^^ which stops or impedes motion is 
^£^t- called Resistance.^ 

ancet 

22?^Ari!£* 136. In relation to motion, we must consider 

are to oe con- * 

sideredinre- the force, the resistance, the time, the space, 

iiJnf '^"*^ ^® direction, the velocity and the momentum. 

^2!dtyJ^ 137. The velocity is the rapidity with which a 
to whatis it body moYCS ; and it is always proportional to the 
fi^portionr £^^^^ j^y ^YiiaYi the body is put in motion. 

138. The velocity of a moving body is determined by the time 
that it occupies in passhig through a given space. . The creater the 
space and the shorter the time, the ^ater is the velocity. Thus, 
ii one body move at the rate of six miles, and another twelve miles 

* A foro« is sometimes a resistanoe, and a resistanoe is sometimes a foroe 
She tsv terms are used merely te denote opposition. 

4* 
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in the same (ame, the velocity of the latter *is doable that of tbft 
former. • 

Whatis 

the rule for 139. To find the Telocity of a body, the space 

^wUng the pagge^ QYQY must be divided by the time employed 
it moving in moving over it. 

body? 

Thus, if a body move 100 miles in 20 hours, the yeloeity is foimd 
by dividing 100 by 20. The result is five miles an how.* 

140. Questions for Solution, 

(1.) If a body move 1000 miles in 20 days, what is its velooity 1 A»9. 
50 miles a day. 

(2.) If a horse travel 15 miles in an hour, what is his velocity 1 Aru, 
i of a mile in a minute. ^ 

(3.) Suppose one man walk 300 miles in 10 days, and another 200 miles In 
the same time, — what are their respective velocities 1 An8.'S0 A 20. 

(4.) If a ball thrown from a cannon strike the ground at the distanoe Of 
3 miles in 3 seconds from the time of its discharge, what is its velocity ! A. 1. 

(5.) Suppose a flash of lightning come from a cloud 3 miles distantfrom 
the earth, and the thunder be heard in 14 seconds after the flash is seen; 
how fast does sound travel 1 fSf--^ ■ Ans. 1181 !} fL psr mc 

' (6.) The' sun is 95 millions of miles from the eartb> and it takes S^ 
minutes for the light from the sun to reach the earth ; with what velooity 
does light move 1 f Ana. .191919 -f- mi. par aee, 

* Velocity is sometimes called absolute, and sometimes relative. Veloc- 
ity is called absolute when the motion of a body in space is considered 
without reference to that of other bodies. When, for instance, a borSe goM 
a hundred miles in ten hours, his absolute velocity is ten miles an hour. 
Velocity is called relative when it is compared with that of another body. 
Thus, if one horse travel only fifty miles in ten hours, and another dne 
hundred in the same time, the absolute velocity of the first horse is five 
miles an hour, and that of the latter is ten miles; but their relative velocity 
is as two to one. 

"^ t l^rom the table here subjoined, the velocities of the objects enumerated 
may be ascertained in miles per hour and in feet per second, fractions omitted 

TABLE OV VELOaTIES.. 

Hfles per hour. feet per seeond. 

A man walking .3 ..., rf...«4 

A horse trotting 7 10- 

Swiftest race-horse .... 60 88 

Kallroad train in England . 32 47 

" « America .18 26 

«• " Belgium .25 36 

•« " France .27 40 

<* " aermany 24 35 

English steamboats in >•,. n^ 

channels S 

American on the Hudson ..18 •••..26 

Past-sailing vessels ....lO.'... • ...li 



S^^L ^^^- "^^ *™® employed by a body in motion 
edbtfa mov- may be ascertained by dividing the space by the 

Thus, if the space passed over be 100 miles, and the Telocity 5 miisf 
in <ui.hoiir, the time will be 100 divided by 6. Ant. 20 hours. 

142. Questions for Solution, 

(1.) If a oannon^bsll, with a relooity of 3 miles in » mimite, iftrike this 
ground at the distance of one mile, wliat is the time emplojed ? Atu. | of 
a.minate, or 20 seconds. 

(2.) Suppose lij^t to move at the rate of 192,000 miles in a second of 
time, how long will it take to reach the earth from the son, which is 96 
millions of miles distant 1 Ana, 8 mif». 14.07 mc -f 

(3«^ If a railroad-oar run at the rate of 20 miles an hour, how long will 
it take to go from Washington to Boston, — distance 482 miles y Ana. 21.6 hr, 

(4.) Suppose a ship sail at the rate of 6 miles an hoar, how long will it 
take to go from the United States to Europe, across the Atlantie fioeaa, a 
distance of 2800 miles 1 An». 19 da. 10 hr. 40 min. 

(5.) If the earth go round the sun in 366 dajs, and the distance Irarelled 
be 540 millions of miles, how fast does it travel 1 Ana. 1,479,452^^ mi. 

"(6.) Suppose a carrier-pigeon, let loose at 6 o'clock in the morning from 
Washington, reach New Orleans at 6 o'clock at night, a distance of 1200 
miles, how fast does it fly 1 Ann, 100. mi. per hr. 

Haw may the 

^b ^^ ^^^' ^^^ ®P®^ Y^ssi^ over may be found by 
m mutton be multipIyiDg the Telocity by the time. 

ascertained? 



Miles per hoar. Vset _ 

Blow rirers ft 4 

Rapid riyers 7 10 

Moderate wind 7* 10 

A storm 36 52 

A hurricane 80 • 117 

Oommon musket-ball . . . 850 1,240 

BiflcbaU 1,000 1,466 

24 lb. cannon-ball .... 1,600 . 2,346 

^^tT2^Ff ^.^,*7^^^| 884 .... 1.296 

'Air 'gun bullet, air com-S 

pressed to "01 of its > 466 68t 

volume ••••...3 

Sound ' . . . . 743 . • . • . . 1,142 

^fhl'iwth*^^ iwfaceof ) ^^„3^ ^^20 

Barth in its orbit .' .' .' .* 67,374 96,816. 

'^: The velocity of light is 192,000 miles in a ssoond of time. 
: The velocity of the electric fluid is said to be still greater, and soiaf 
«a|bosi(ies state i% to be at the rate of 288 000 mUes in a second of tlma. 
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Thus, if the velocity be 5 miles an boar, and the time 20 boiu» 
the space will be twepty multiplied bj 5. Ans, 100 miles. 

r 144. (1.) If a yessel sail 125 miles in a day for ten days, how far will it 
sail in that time 1 Ans, 1250 mL 

(2.) Suppose the average rate of steamers between New York and Albany 
M about 11 miles an hour, which they traverse in about 14 hours, what 
is the distance between these two cities by the river 1 Afu. 164 fni. 

(3.) Suppose the cars going over the railroad between these two cities 
travel at the rate of 25 miles an hour and take 8 hours to go over the dis- 
tance, how far is it from New York to Albany by railroad 1 Ana. 200 mi. 

(4.) If a man walking from Boston at the rate of ^^roniles in an hour reach 
Balem in 6 hours, what is the distance from Boston ^ Salem 1 Ans. 15 mi. 

(5.) The waters of a certain river, moving at the rate of 4 feet in a 
second, reach the sea in 6 days from the time of starting from the source 
of the river. What is the length of that river 1 Ans. 892^^- mi. 

(6.) A cannon-ball, moving at the rate of 2400 feet in a second or time, 
strikes a target in 4 seconds. What'is the distance of the targetl A. 9600 /(L 

145. The following formulss embrace the several ratios of the time, space 
and velocity : 

8 

(1.) The space divided by the time equals the velocity, orT- = "^^ 

t 

(2.) The space divided by the velocity equals the time, or — = t. 

V 

(3.) The velocity multiplied by the time equals the space, or vXtssS. 
Haw many / ^ . ^ ,.„ 

kinds of 146. There are three kinds of motion, namely, 
fiwtion are Uniform, Accelerated and Retarded. 

there? ' 

What is Uni' 147. Uniform Motion is that by which a 
form Motion? \^y moves Over equal spaces in equal times. 

What is Accel- 148. Accelerated Motion is that by which the 
erated Motion? velocity increases while the body is moving. 

Whatis^ 149. Retarded Motion is that by which the 
tion ? velocity decreases while the body is moving. 

foZiTa'^i^ 150. Uniform Motion is produced by the 
crated and re- momentary action of a single force. Acceler- 
^^i^iS^ ated Motion is produced by the continued action 
jprodtuxd ? of one or more forces. Retarded Motion is pro- 
duced by some resistance. 

151. A ball struck by a baet, or a stone thiovm from the hand !• 
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m theory au instance of uniform motion ; and, if the attnustaoa of 

gravity and the resistance of the air coold be suspended, it would 
proceed onwards in a straight line, with a uniform motion, forever. 
But, as the resistance of the air and gravity both tend to defleet it, 
it in fact becomes first an instance of retaraed, and then of aceel* 
erated motion. 

152p A stone, or anj other body, falling from a height, is an 
instance of accelerated motion. The force of graYify continues to 
operate upon it during the whole time of its descent, and con* 
Btantly increases its velocity. It benns its descent with the first 
impulse of attraction, and, could the force of gravity which gave it 
the impulse be suspended, it would continue its descent with • 
uniform velocity. But, while falling it is every moment receiving a 
new impulse from ^vity, and its velocity is constantly increasmg 
during the whole time of its descent. 

153. A stone thrown perpendicularly upward is an instance of 
retarded motion ; for, as soon as it begins to ascend, gravity immedi- 
ately attracts it downwards, and thus its velocity is diminished. The 
retarding force of gravity acts upon it during every moment of its 
ascent, decreasing its velocity until its upward motion is entirely 
destroyed. It then begins to fall with a motion continually acceler- 
ated until it reaches the ground. 

What time 

does a body 154. A body projected up^irards will occupy the 
occupy in its x» • • . x j j x 

ascJu and s&'i^^'tuue in its ascent and descent. 

descent ? 

This is a necessary consequence of the e£^ct of gravity, which 
uniformly retards it in the ascent and accelerates it in its descent. 

^ZcdZJihk '^^^^' Perpetual Motion. — Perpetual Mo- 
he produced^ tion is deemed an , impossibility in mechanics, 
because action and reaction are always equal and in con« 
trary directions. 

h^^ctfcTTd ^^^- ^y ^^ ^^^^^ ^^ * ^^y ^^ ™^*^* *^^ 

Reaction? effect wTiich it produces upon another body. 
By reaction is meant the effect which it receives from the 
body on which it acts. 

Thus, when a body in motion strikes another body, it acts upon it, 
or produces motion ; but it also meets with resistance from the body 
which is struck, and this resistance is the reaction of the body. 




46 NATURAL i^HILOBOPHY. 

Blusiraihn of Action and Reaction by means of Elastic and 

Non-elastic Balls, 

(1.) Figare 6 representB twa ivory * balls, A and B, ^»g- *• 
of equal size, weight, &c., suspended by threads. If the 
ball A be drawn a little on one side and then let go, 
it will strike against the other ball B, and drive it off A 4 ^ ^ 
to a distance equal to that through which the first ball 
fell ; but the motion of A will be stopped, 'because when it strikes 
B it receives in return a blow equal to that which it gave, but in 
a contrary direction, and its motion is thereby stopped, or, rather, 
given to B. Therefore, when a body strikes against another, 
the quantity of motion communicated to the second body is loet 
by the first; but this loss proceeds, not from the blow given by 
Ae striking body, but from the reaction of the body which it 
struck, 

(2.) Fig. 7 represents six ivory balls of equal weight, suspended 
by threads. If the ball A be drawn out of the perpe&dioular 
and let fiill against B, it will communicate its mo- 
tion to B, and receive a reaction from it which will 
stop its own motion. But the ball B cannot move 
without moving C ; it will therefore communicate 
the motion which it received from A to C. and 
receive from C a reaction, which will stop its motion. 
In like manner the motion and reaction are received by each ol 
the balls D, £, F ; but, as there is no ball beyond F to act upon 
it, F will fly off. 

N. B. This experiment is to be performed with elastic halls only. 

(3). Fig. 8 represents two balls of clay (which are not elastic}} 
of equal weight, suspended by strings. If the ball D 
be raised and let fall against E, only part of the mo- ^«- 8« 
tion of D will be oestroyed by it (because the bodies 
are non-elastic), and the two balls will move on togeth- 
er to d and 6, which are less distant from the ver- 
tical line than the ball D was before it fell. Still, 

* 1% will be recollected that ivory is considered highly dattie. 





BcrwoYor, aoUon and reaction are equal, for the aetion en B if. 

only Plough to make it move through a smaller space, *bat so 
much of D's motion is now also destroyed. * 

157. It is upon the principle of action and reaction that birds 
are eaabled to fljr. They strike the air with their wings, and the 
reaction of the air eDables them to rise, fall, or remain stationary, 
at will, by increasing or diminishing the force of the stroke of their 
wings.f 

158 . It is likewise upon the same prineiple of action and reaction 
that fishes swim, or, rather, make their way through the water, 
namely, by striking the water with their fins. X • 

159. Boats are also propelled by oars on the same principle, and 
the oars are lifted oat of the water, after every stroke, so as com- 
pletely to prevent any reaction in a backward direction. 

How may 160. Motion may be caused either by action oi 

caused? reaction. When caused by action it is called 

Incident^ and when caused by reaction it is called Selected 

Motion, ^ 

* Fi^. 6 and 7, as has been explained, show the effect of action ancr re* 
action ia elastic bodies, and Fig. 8 shows the same effect in non-elastio bodies. 
When the elasticity of a bodj is imperfect, an intermediate effect will bo 
produced ; that ia, the ball which is struck will rise higher than in case of 
non-elastic bodies, and less so than in that of perfectly elastic bodies; and 
the striking ball will be retarded more than in the former case, but not 
stopped completely, as in the latter. They will, therefore, both move 
onwards after the blow, but not together, or to the same distance ; but . 
this, as in the precedihg cases, the whole quantity of motion destroyed in 
the striking ball wUl be equal to that produced in the ball struck. Con- 
iieeted with " the Boston school apparatus " is a stand with ivory balls, to 
give a visible illustration of the effects of collision. 

f The muscular power of birds is much greater in proportion to their 
weight than that of man. If a man were furnished with wings sufficiently 
large to enable him to fly, he would not have sufficient strength or muscular 
power to put them in motion. 

^ The power possessed by fishes, of sinking or rising in th^ water, is 
greatly assisted by a peculiar apparatus furnished them by nature, called 
an air-bladder, by the expansion or contraction of which they rise or fall, 
on the principle of specific gravity. 

§ The word incideru implies falling upon, or directed towards. The word 
rtflected implies turned hack. Incident motion is motion directed towards any 
particular object, against which a moving body strikes. Reflected motion 
is that which is caused by the reaction o{ the body which is struck. Thus, 
when a ba\I is thrown against a surface, it rebounds or is turned back. This 
return of the ball is called reflected motion. As reflected motion is caused 
by reaction, and reaction in increased by elasticity, it foUovtrs that reflected 
motion is alwavs greatest in those bodies which are most elastic. For this 
reason, a bail ntled with air rebounds better than one stuffed with bran or 
. wool, because ite elasticity is greater. For the same reason, bUls made of 
oaontohouo, or India-rubber, will rebound more than those whiok are made 
of most other subats^oes. 
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Whtu » 161. The angle * of incidence is the angle formed 
qf ^Im:i' ^Y ^^^ '^"® which the incident body makes in its 
tience? passage towards any- object, with a line perpendic- 
ular to the surface of the object. 

* As tills book may fall into the hands of some who are uaaoqnainted with 
geometrical figures, a few explanations are here subjoined : 

1. An angle is the opening made by two Knes which meet each other in a 
point. The size of the angle depends tqxm the openmg, and not iq»on the length 
of the linei, 

2. A circle is a perfectly round figure, every 
)Mirt of the outer edge of which, called the cir- 
cumference, is equally distant from a point 
within, called the centre. [See Fig. 9.] 

3. The straight lines drawn from the centre 
to the circumference are called radii. [The 
singular number of this word is radius.] Thus, 
in Fig. 9, the lines CD, C 0, G R, and G A, are 
radii. 

4. The lines drawn through the centre, and 
terminating in both ends at the circumference, 
are called diameters. Thus, in the same figure, D A is a diameter of the 
circle. 

. 5. The circumference of all circles is diyided into 360 equal parts, called 
degrees. The diameter of a circle divides the circumference into two equal 
parts, of 180 degrees each. 

6. All angles are measured by the number of degrees which they contain 
Thus, in Fig. 9, the angle R G A, as it includes one-quarter of the circle, is 
an angle of 90 degrees, which is a quarter of 360. And the angles RG 
and UD are angles of 45 degrees. 

7. Angles of 90 degrees are right angles ; angles of less than 90 degrees, 
acute angles; and angles of more than 90 degrees are called obtuse angles.. 
Thus, in Fig. 9, RG A is a right angle, G R an acute, and G A an obtuse 
angle. 

8. A perpendicular line is a line which makes an angle of 90 degrees on 
each side of any other line or surface ; therefore, it will incline neither to 
the one side nor to the other. Thus, in Fig. 9, R G is perpendicular to B A. 

9. The tangent of a circle is a lin&jvhich touches the Circumference, with- 
out catting it when lengthened at eitlier end. Thus, in Fig. 9, the line RT 
is a tangent. 

10. A square is a figure having four equal sides, and four equal angles. 
These will always be right angles. [See Fig. 11.] 

11. A parallelogram is a figure whose opposite sides are equal andparaUel 
[See Figs. 12 and 13.] A square is also a parallelogram. 

12 A rectangle is a parallelogram whose angles are right angles. 

[N. B. It will be seen by these definitions that both a square and a 
rectangle are parallelograms j but all parallelograms are not rectangles nor 
squares. A square is both a parallelogram and a rectangle. TVee things 
are essential to a square; namely, the four sides must all be equal, they must 
also be parallel, and the angles must all be right angles. Two things only 
are essential to a rectangle i namely, the angles must all be right angles, 
and the opposite sides must be equal and parallel. One thing only is essen- 
tial to a parallelogram; namely, the opposite sides must be equal and 
parallel.] 

13. The diagonal of a square, of a paraUelogram, or a rectangle, is a Um 
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in 162. Thus, in Fig. 10, the line 7^. 1(H 

^.10 ABC representa a wall, and PB ^ • 

a line perpendicular to its sorfiice. O is a ^-^^ 

ball moving in the direction of the dotted 



line, O B. The angle O B P ia the angle of ^ -- 
incidence. 

What is 163. The angle of reflection is the ansle formed 
of rtfiso- "^y *^® perpendicular with the line made by the 
Item/ reflected body as it. leases the surface against 
which it struck. ' 

Thus, in Fig. 10, the angle P B B is the angle of reflection. 

^ortumof tll^mgte 164. The angles of incidence and re- 
ofinddence to the flection are alwajB equal to one another."* 

ongle of rcfleetion f 

(1.) Thus, in Fig. 10, the angle of incidence, O B P, and the 
angle of reflection, P B B, are equal to one another ; that is. 
thej contain an equal number of degrees. 

What will be the jgg p^^^^ ^^^ Ym now been stated with 

course of a body 

in motion whi(A regard to the angles of incidence and reflec- 
^^ j^^ tion, it follows, that when a baU is thrown 
body ? perpendicularly against an object whicfi 

it cannot penetrate, it will return in the same direction ; 
hut, if it be thrown obliquely, it will return obliquely on 
the opposite side of the perpendicular. The more ob* 
liqudy the ball is thrown, the , more obliquely it will 

rebound, f 

\> 

drawn through either of them, and terminating at the opposite angles. Thus, 
in Figs. 11, 12, and 13, the line A C is the diagonal of the square, parallelo- 
gram, or rectangle. 

* An understanding of this law of reflected motion is very important, 
because it is a fundamental law, not only in Mechanics, but also in Pyro- 
Bomies, Acoustics and Optics. 

t It is from ar knowledge of these facts that skill is acquired in many 
different sorts of games, as Billiards, Bagatelle, Ac. A ball may also, on 
the same principle, be thrown from a gun against a foitiiicatiou so as tp 
teaoh an object out of the range of a direct shot. 
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What is the ^^^* MOMENTUM. — The Momentum^ of a 
Momentum body is its quantity of motion, f and it expresses 
v^ y- ^Q fQyQQ yji^ which it would strike against 
another body. 

Momentum ^^^ Momentum of a body is ascertained by 
of a body multiplying its weight by its velocily. 

167. Thus, if the velocity of a body be represented by 5 and itil 
weight by 6, its momentum will be 30 

^010 can a 168. A small or a light body may be made 
light body ^ strikc against another body with a greater 
be made to force than a heavier body simply by giving it 
danuigeas sufficient velocity, — that is, by making it hayo 
a large one? greater momentum. 

Thus, a cork weighing i of an ounce, shot from a pistol with the 
velocity of 100 feet in a second, will do more damage than a leaden 
shot weighing | of an ounce, thrown from the hand with a velocity 
of 40 feet in a second, because the momentum of the cork will be 
the greater. 

The momentum of the cork is i X 100=25. 

That of the leaden shot is | X 40 =5. 

169. Queatifmsfor SolfOitm, 

(1.) What is the momentmu of a body weighing 5 pounds, moying with 
the velocity of 50 feet in a second 1 Ans, 250. 

(2.) What is the nu>mentam of a steam-engine, weighing 3 tons, moring 
with the velocitj of 60 miles in an hour 1 Ann. 180. 

[K. B. It must be recollected that, in comparing the momenta of bodies^ 
the velooities and the time of the bodies compared must be respectively of 
the same denomination. If the time of one be minutes and of the other be 
hours, they must both be considered in minutes, or both in hours. So, 
with regard to the spaces and the weights, if one be feet all must be 
expressed in feet ; if one be in pounds, all must be in pounds. It is l>ettery 
however, to express the weight, velocities and spaces, by abstract numbers^ 
as follows :] 

(3.) If a body whose weight is expressed by 9 and velocity by 6 is in 
motion, what is its momentum 1 Ans. M. 

(4.) A body whose momentum is 63 has a velocity of 9 ; what is its weight 1 

Ana. 7. 

* The plural of this word is momenta. 

f The quantity of motion communicated to a body does not affect the 
duration of the motion. If but little motion be communicated, the body 
wiU move slowly. If a great degree be imparted, it will move rapidly. 
But in both oases the motion wUl continue ontU it is destroyed by some 
C3(tema| forpe. 
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JS. B, Thft nomeBtam being th« prodaoi of the weight and relooitj, th« 
▼eight is found by dividing the momentam by the velocity, and the veluoity 
Ib fonnd by dividing the momentnin by the weight.] 

(5.) The momentum u expresued by 12, the weight by 2 ; what ii tba 
velocity ? An$. 6, 

(6.) The momentam 9, Telocity 9, what is the weight t An*, h 

(7.) Momentam 36, weight 6, required the velocity. Aru. 6. 

(8.) A body with a momentum of 12 strllces another with amomoatvm of 
6 ; what will be the oonsequenoe 1 Ah9. BuUt h«ve mwuk uf ik 

[N. fi. Whtn two bodiet, in oppomte dtreeUona, come mto ooilmont they each 
losf an eifttai quantity of their inomenta,'\ 

(9.) A body weighing 15, with a Felocity of 12, meets another coming in 
the opposite direction, with a velocity of 20, and a weight of lU ; what will 
be the effect ? Am. Both muvo wlUi mom. of 20. 

(10.) Two bodies meet together in opposite directions. A has a vcl(»cky 
of 12 and a weight of 7, B has a momentam expressed by 84. Whiit will 
be the consequence 1 An». Both mom. dmlroyod. 

(11.) Suppose the weight of a comet be represented by 1 and its velocity 
by 12, and the weight of the earth be expressed by 100 and its velocity by 
10, what would be the consequence of a collision, supposing them t" be 
moving in opposite directions 1 Ana. Both bsvu morn, of 988. 

(12.) If a body with a weight of 76 and a velocity of 4 ran against a uisn 
whose weight is 150, and who is standing still, what will fa« the con#e« X^' 
qnence, if the man uses no eltbrt but his weight? ^n«. Man has v«l. of Ij. 

(13.) With what velocity must a 64 pound cannon-ball fly to be equally 
effective witli a battering-ram of 12,000 poonda propelled with a velocity 
of 16 feet in a second 1 An$. 8000/1 



• 170. Attraction — Law of Falling Bodies. — When one' body 
strikes another it will cause an effect proportional to its own weight 
and velocity (or, in other words, its momentum) ; and the body 
which receives the blow will move on with a uniform velocity (if 
the blow be sufficient to overcome its inertia) in the direction of 
the motion of the blow. But, when a body moves by the force of 
a constant attraction, it will move with a constantly accelerated 
motion. 

171. This is especially the case with falline bodies. The earth 
attracts them with a force sufficient to brine tnem down through a 
certain number of feet during the first second of time. While the 
body is thus in motion with a velocity, say of sixteen feet, the earth 
still attracts it, and during the second second it communicates an 
additional velocity, and every successive second of time the attrac« 
lion of the earth adds to the velocity in a similar proportion, so that 
during any given time, a falling body will acquire a velocity which, 
in the same time, would carry it over twice the space through which 
it liaA already fallen. Hence we deduce the following law : 

^^«j "^ 172. A body falling from a height will fall 
iny bodeti sixteen feet in the first second of time,* three 

* This is only an approximation to the trath ; it actually falls sixteen 
feet and one inch during the first second, three times thai distance in the 
•eoond, &o The questions proposed to be solved aasume sixteen feet onij. 
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times that distance in the second, five times in the 
third, seven in the fourth, its velocity increasing daring 
every successive second, as the odd numbers 1, 8, 5, 7, 9, 
11, 18, &c.* 

The laws of falling bodies are olearly demonstrated bj a mechanical 
arrangement known bj the name of *' Attw>od*M Machine^" in which a small 
weight is made to communicate motion to two others attached to a cord 
passing over friction-rollers (causing one to ascend and the other to 
descend), and marking the progress of the descending weight bj the oscil- 
la '.ions of a pendulum on a graduated scale, attached to one of the columns 
of t!>e machine. It has not been deemed expedient to present a cut of the 
Iliac (line, because without the machine itself the explanation of its opera- 
tion would be unsatisfactory, with the machine itself ^in View the sim* 
pi: ity of its construction would render an explanation unnecessary. 

* The entire spaces through which a body will have fallen in any given 
>> i.ber of seconds increase as the squares of the times. This law was dis- 
c. . ' red by Qalileo, and may thus be explained. If a body fall sixteen feet 
ir ae second, in two seconds it will have fallen four times as far, in three 
Bcc ods nine times as far, in four seconds sixteen times as far, in the fifth 
sect'Qd twenty-five times, Ac, in the sixth thirty-six times, Ac. 

AHALTSI8 OF THK MOTION OF A PALLINfl BODY. 



N umber of Seconds. 


Spaces. 


Velocities. 


ToUl Space 


. 1 


1 


2 


1 


2 


3 


4 


4 


8 


6 


6 


9 


4 


7 


8 


16 


5 


9 


10 


25 


6 


11 


12 


36 


7 


13 


14 


49 


8 


16 


16 


64 


9 


17 


18 


81 


10 


19 


20 


100 



'^brom this statement it appears that the spaces passed through by a 
' i' ing body, in any number of seconds, increase as the odd numbers 1, 3, 
:., /, 9, 11, Ac. ; the velocity increases as the even numbers 2, 4, 6, 8, 10, 
12, Ac. ; and the total spaces passed through in aily given number of 
seconds increase as the squares of the numbers indicating the seconds, 
_ thus, 1, 4, 9, 16, 25, 36, Ac. 

Aristotle maintained that the velocity of any falling body is in direct 
ppoportion to its weight; and that, if two bodies of unequal weight were let 
fall from any height at the same moment, the heavier body would reaoh the 
ground in a shorter time, in exact proportion as its weight exceeded that 
of the lighter one. Hence, according to his doctrine, a body weighing two 
pounds would fall in half the time required for the fall of a body weighing 
only one pound. This doctrine was embraced by all the followers of that 
distinguished philosopher, until the time of Galileo, of Florence, who flour* 
ished about the middle of the sixteenth century. He maintained that the 
velocity of a falling body is not affected by its weight, and challenged the 
adherents of the Aristotelian doctrine to the test of experiment. The 
leaning tower of Pisa was selected for the trial, and there the experiment 
was tried which proved the truth of Galileo's theory. A distinguished 
writer thub desoriboi the scene. '* On the appointed day the disputants 
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173. The heiglit of a building; or the depth ef a well, may thiu 
be estimated verj nearly by observing the length of time which a 
ftune takes in falling from the top to the bottom. 

' ^^^ 17i. JSnmnt/br iSo/itfim. 

(1.) If a baU, dropped from the top of a steeple, reaehei the groand la 6 
•eoonds, how high is that steeple 1 

164^84-«04.112-4-lU»400 feet ; or, 6X5»25, square of the number 
of seconds, multipliea hj the number of feet it falls through in one second, 
namelj, 16 feet ; that is, 25X16^=400 feet. 

(2.) Suppose a ball, dropped from the spire of a cathedral, reach the 
groand in 9 seconds, how high is that spire 1 

164-48+80+llJi-t-1444-176-+-208-j-240-|-2723=1296feet. 

Or, squaring the time in seconds, 9^=81, multiplied by 16^1296. Ana, 

[It will hereafter be shown that this law of falling bodies applies to aU 
bodies, whether falling perpendicularly or obliquely. Thus, whether a 
stone be thrown from the top of a building horisontally or dropped perpen- 
dicularly downwards, in both oases the stone will reaoh the ground in the 
same time ; and this rule applies equally to a ball projected from a cannon, 
and to a stone thrown from the hand.] 

(3.) If a ball, projected from a cannon from the top of a pyramid, reach 
the ground in 4 seconds, how high is the pyramid 1 AtiM, 256/2L 

(4.) How deep is a well, into which a stone being dropped, it reaches the 
water 6 feet from the bottom of the well in 2 seconds 1 Aiis. 70ft, 

(5.) The light of a meteor bursting in the air is seen, and in 45 seconds 
a meteoric stone falls to the ground. Supposing the stone to have pro- 
eeeded from the explosion of the meteor perpendicularly, how far from 
the earth, in feet, was the meteor 1 45>X 16=3 2,400 feet. 

« « (6.) What is the difference in the depUi of two wells, into one of which a 
■tone being dropped, is heard to strike the water in 5 seconds, and into 
the other in 9 seconds, supposing that the water be of equal depth in both, 
and making no allowance for the progressive motion of sound 1 A. 896 A 

repaired to the tower of Pisa, each party, perhaps, with equal confidence.. 
It was a crisis in the history of human knowledge. On the one side stood 
the assembled wisdom of the uniyersities, revered for age and science, 
venerable, dignified, united and oommianding. Around them thronged the 
multitude, and about them clustered the associations of centuries. On the 
other there stood an obscure young man (Galileo), with no retinue of fol- 
lowers, without reputation, or influence, or station. But his courage was 
equal to the occasion ; confident in the power of truth, his form is erect 
and his eye sparkles with excitement. But the hour of trial arrives. The 
balls to be employed in the experiments are carefully weighed and scru 
tinixed, to detect deception. The parties are satisfied. The one ball is 
exactly twice the weight of the other. The followers of Aristotle maintain 
that, when the balls are dropped from the tower, the heavy one will reach 
the ground in exactly half the time employed by the lighter ball. Galileo 
asserts that the weights of the balls do not affect their velocities, and that 
the times of descent will be equal ; and here the disputants join issue. 
The balls are conveyed to the summit of the lofty tower. The crowd as- 
semble round the base ; the signal is given ; the balls are dropped at the 
Muue instant ; and, swift descending, at the same moment they strike the 
earth. Again and again the experiment is repeated, with uniform results 
Galileo's triumph was complete ; not % shadow of a doubt remained." 
I" Tht Orbs qf Heaven."] 

6* 
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(7.) A boj raised his kite in the night, with a lantern attached to it. 
Unfortunately, the string which attached the lantern broke, and the lantern 
fell to the ground in 6 seoonds. How high was the kite 1 Ana. S76yt 

^ 175. Retarded Motion of Bodies Projected Upwards. — All the 
circumstances attending the accelerated descent of falling bodies are 
exhibited when a body is projected upwards, but in a rcYersed order. 

^I^ZeTke "6. To detennine the height to which a 
height to which hoij, projected upwards, will rise, with a 
^Ja^u^ds.^"^^^ velocity, it is only necessary to deter- 
wiih a given mine the height from which a body would fall 
refeci/y, wtll ^ acquire the same velocity. 

177. Thus, if it be required to ascertain how high a body would 
rise when projected upwards with a force sufficient to cany it 144 
feet in the first second of time, we reverse the series of numbers 
lG-^484-804-lI2-}-144 [see table on vage 52], and, reading 
them backwara, 144 -|- 112 -p 80 -f- 48 4- 16, we find their sum to be 
400 feet, and the time employed would be 5 seconds. 

How does the 

time of the as- 178. The time employed in the ascent and 
^""^t^fh <i®scent of a body projected upwards will, 

the time of its therefore, always be equal. 
descent^ 

Questions for Solution. 

(1.) Sappose a eaimon-hall, projeoted^perpendioularly upwards, retumad 
to the ground in 18 seoonds ; how high did it ascend, and what is the Telocltjr 
of projection 1 Ans. 1296/t. ; 272 ft. 1«( «a& 

(2.) How high will a stone rise which a man throws upward with a foree 
sufficient to carry it 48 feet during the first second of time 1 Ans. 6i/t. 

(3.) Suppose a rocket to ascend with a velocity sufficient to carry it 176 
feet during the first second of time ; how high will it ascend, and what 
time will it occupy in its ascent and descent 1 Ans. 676 Jt. ; 12 see, 

(4.) A musket-ball is thrown upwards until it reaches the height of 400 
feet. How long a time, in seconds, will it occupy in its ascent and descent, 
and what space does it ascend in the first second? Ans. 10 see. ; 144 A 

(5.) A sportsman shoots a bird flyini; in the air, and the bird is S 
seconds in &lling to the ground. How high up was ^e bird when he wai 
shot ? Ans. 144A 

(6.) How long time, in seconds, would it take a ball to reach an object 
6000 feet aboire the surface of the earth, provided that the ball be projected 
with a force sufficient only to reach the object 1 Ans. 17.67 sec. + 

^ 179. Compound Motion. — Motion may be produced 
either by a single force or by the operation of two or moro 
forces. 
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h, what direcr 180. Simple Motion is the motion of a body 
"iZ ^/Tb^ impelled.by a single force, and is always in a 
impelled by a Straight line in the same direction with the 
iingk farce f force that acts-. 

WhaiisCom- 181. Compound Motion is caused by the 
pound Motion? operation of two or more forces at the same 

time. 

When a body 

is struck by two 182. When a body is struck by two equal 
wo^Z^ir^ forces, in opposite directions, it will remain at 
tioTis, how will rest. 

it move f 

183. If the forces be unequal, the bod^ will move with dimm- 

• ished force in the direction of the greater force. Thus, if a bodj 

with a momentum of 9 be opposed by another body with a momei^ 

turn of 6, both will move with a momentum of 3 in the direction of 

tbe greater force. 

How will a ^^^' -^ body, struck by two forces in dif- 

hody move ferent directions, wiU move in a line between 

two forces in ^^^™} ^^ ^^^ direction of the diagonal of a 
different direc- parallelogram,^ having for its sides the lines 
through which the body would pass if urged 
by each of the forces separately. 

How will tlte 

My move, if 185. When the forces are equal and at 

egmTamlZt ^g^* angles to each other, the body will 
nght angles to move in the diagonal of a sqitare, 

each other t 

I 

186. Let Fig. 11 represent a ball struck by 
the two equal forces X and Y. In this figure 
the forces are inclined to each other at an angle 
of 90°, or a ri^t angle. Suppose that the 
force X would send it from C to B, and the 
force Y from C to D. As it cannot obey both, 
it will go between them to A, and the line A, 
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thrgogh which it pasaes, is the diagonal of the eqaare, AB D. 
This line also represents the rendtant of the two forces. 

The time occupied in its passage from C to A will be the 
same as the force X would require to send it to B, or the force 
Y to send it to D. 

body move l^^. If two unequcU forces act at right 

under the influ' angles to each Other on a bodj, the body will 

ence of two un- • .r i» .• i» -r j* i i» 

equal forces at ™^^® ^ ^® direction of the diagonal of a 
right angles to rectangle. 

each other t 

Explain Fig. 18B. Illustration. — In Fig. 12 the ball is 
12. represented as acted upon bj 

two unequal forces, X and Y. The force X 
would send it to B, and the force Y to D. As 
it cannot obey both, it will move in the direc- 
tion A, the diagonal of the rectangle A B C D. 

flt^^lT . 189. When two forces a«t in the 
direction of any other direction of an acute or an obtuse 

the forces act in the di- recftion of the diagonal of a parallelo- 

rection of an acute or OTam. 
obtuse angle? ® 

Explain I^^- Illustration. — In figure 18 the ball is 
f^g* 13. supposed to be influenced by two ng. is. 4 

forces, one of which would send it to B and 
the other to D, the forces acting in the 

direction of an acute angle. The ball will, 

therefore, move between them in the line ^ ^ 

C A, the longer diagonal of the parallelogram A B C D. 

191. The same figure explains the motion of a. ball when ike 
two forces act in the direction of an obtuse angle. 

192. lUustration, — The ball D, under tbe influence of tw& 
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• 

ferces, one of which would send it to C» and the^other to A, 
which, it will be observed, ib in the direction of an obtuse 
angle, will proceed in this case to B, the Mhorter diagonal of the 
parallelogram A B D. 

[N. B. A parallelogram oontainlng aonto and obtiua anglei liaf two 
diagomda, the one which joins the aonto angles being the longer.] 

What is Be- 193. Besultant Motion is the effect or re- 
ij^ ; salt of two motions oompoonded into one. 

194. If two men be sailing in separate boats, in the same 
directidu, and at the same rate, and one toss an apple to the 
other, the apple would appear to pass directly across from one 
to the other, in a line of direction perpendicular to the side of 
each boat. But its real course is through the air in the diag- 
onal of a parallelogram, formed bj th^ lines representing the 
course of each boat, and perpendiculars drawn to those lines 
from the spot where each man stands as the one tosses and the 
Explain other catches the apple. In Fig. 14 
Fig, 14. the lines A B and C D represent the q \ 

course of each boat, E the spot where the man ^ "^ * 
stands who tosses the apple ; while the apple is ^ 
in its passage, the boats have passed from E 
and G to H and F respectively. But the apple, having a 
motion, with the man, that would carry it from E to H, and 
likewise a projectile force which would carry it from E to G-, 
cannot obey them both, but will pass through the dotted line 
E F, which is the diagonal of the parallelogram E G F H.=^ 

How can w^ 195. When a body is acted upon by three or 
tucertatn tM ^^^^ forces at the same time, we may take any 

* On the principle of resultant motion, if two ships in an engagement be 
Sftiling before the wind, at equal rates, the aim of the gunners will be 
ezaotlj as though they both stood still. But, if the gunner fire from a shij; 
standing still at another under sail, or a sportsman fire at a bird on the 
wing, each should take his aim a little forward of the mark, because the 
■hip Mid the bird wUl paes a little forward whUe the shot is passing to 
tiiem. 
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motion when two of Uiem alone, and ascertain the resultant of 

^^L^td^ *"" *^®^ *^®» *^^ ^^^ employ the resultant as a new 
three or more force, in conjunction with the third,* &c. 
forces f 

Wiiat is Cir- 196. CIRCULAR MOTION. — Circular Mo- 
cuUtr Motion t ^ion is motion around a central point. 

„,. , 197. Circular motion is caused by the con- 

vVhat causes •' 

Circular Mo- tinned operation of two forces, by one of which 

uont ^^ iJQ^y jg projected forward in a straight 

line, while the other is constantly deflecting it towards. a 
fixed, point. [See No. 184.] 

19^. (The whirling of a ball, listened to a string held by the 
hand, is an instance of circular motion. The hall is urged by two 
forces, of wbich one is tbe force of projection, and the other (!he 
string which confines it to the hand. The two forces act at right 
angles to each other, and (according to No. 184) the ball will move 
in the diagonal of a parallelogram. But, as the force which con- 
fines it to the hand only keeps it within a certain distance, without 
drawing it nearer to the hand, the motion of the ball will be through 
the diagonals of an indefinite number of minute parallelograms, 
formed by every part of the circumference of the circle. 

How many 199- There are three difiFerent centres which 

f^entres re- require to be distinctly noticed ; namely, the 
mticed in Me- Centre of Magnitude, the Centre of Gravity, 
chatties r and the Centre of Motion. 

* The resultant of two forces is always described by the third side of a 
triangle, of which the two forces may. be represented, in quantity and 
direction, by the other two sides. When three forces act in the direction 
of the three sides of the same triangle, the body will remain at rat. 

When two forces act at right angles,' the resultant will form the hypothe- 
nuse of a right-angled triangle, either of the sides of which may be found, 
when the two others are giv^, by the common principles of arithmetic or 
geometry. 

From what has now been stated, it will easily be seen, that if any number 
of forces whatever act upon a body, and in any directions whatever, the 
resultant of them all may easily be found, and this resultant will be their 
mechanical equivalent. Thus, suppose a body be acted upon at the same 
time by six forces, represented by the letters A, B, C, D, B, F. First find 
the resultant of A and B by the law stated in No. 184, and call this resultant 
G. In the same manner, find the resultant of G and C, calling it H. Then 
find ttie resultant of H and D, and thus continue until each of tiie foroes be 
founa^ and the last resultant will be the meohanical equivalent of the whole 



HEOHAinOB. 



59 



What is the 
Centre of 
Magnitude f 

What is the 
Centre of 
GraoUyt 

Wuaisthe 
Centre of 
Motion f 



200. The Centre of Magnitade is the oentnl 
point of the bulk of a body. 

201. The Centre of Gravity is the point 
about which all the parts balance each other. 

202. The Centre of Motion is the point 
around which all the parts of a bodjmoTe. 



203. When the bodj is not of a size nor 
shape to allow every point to revolve in the 
same plane, the line around which it revolves 
's called the Axis of Motion."^ 



Whatisthe 
Axis of Mo- 
Oanf 



^^^"^ 204. The centre or the axis of moHoa is 

./f motion re- generally supposed to be at rest. 
vlve? 

205. Thas the axis of a spinning-tq) ia stationaij, while ererjr 
other part is in motion aronnd it. The axis of motion and the 
centre of motion are terms which relate cmly to circular motion. 

What are Cen- 206. The two forces by which circular 
tral Forces t motion is produced are called Central Forces. 
Their names are, the Centripetal Force and the Centrifugal 
Force-t 

207. The Centripetal Force is that which 
confines a body to the centre around whicdi it 
revolves. 



Whatisthe 

Centripetal 

Force} 



What is the 
Centrifugal 
Force t 



208. The Centrifugal Force is that which 
impels the body to fly off from the centre. 



* Circles may have a centre of motion ; spheres or globes have an axis 
of motiott. Bodies that haye only length and breadth may rerolre around 
their own centre, or around axes ; those that have the three dimensions of 
lengthy breadth and thickness, must revolre aronnd axes. 

t The word centripetgl means seeking the centre, and eetUri/ugal means 
flying from the centre. In circular motion these two forces constantly 
balanoe eaoh other ; otherwise the revolving body will either approach 
the centre, or reeede from it» according as the centripetal or centrifugal 
force is the stronger. 
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WhaifoJhws 209. If the oentrifiigal force of a reyolying 
tfthecenirifh \^j \^ destroyed, the body will immediately 
trifugal force approach the centre which attracts it ; but if 
he destroyed t ^^ centripetal force be destroyed, the body 
wiU fly off in the direction of a tangent to the curve which 
it describes in itd motion.^ 

210. Thus, when a mop filled with water is turned swifUj round 
bv the handle, the threads which compose the head will fly off from 
thtf centre ; but, being confined to it at one end, they cannot part from 
it ; while the water they contain, being unoonfined, is thrown off 
in straight lines. 

h^oh^g^ 211. The parts of a body which are furthest 
around its from the centre of motion move with the 
^r^h^ greatest velocity ; and the velocity of all the 
partsmovewith parts diminishes as their distance from the 
the greatest ^^ ^j motion diminishes. 

veloatyf 

Explain 212. Fig. 15 represents the vanes of a windmilL 
Fig' !$• The circles denote the paths in which the different 
parts of the vanes move. M is the centre 
or axis of motion around which all the 
parts revolve. The outer part revolves in 
the circle DEFG, another part revolves 
in the circle' H I J K, and the inner part in 
the circle L N O P. Consequently, as they 
-all revolve around M in the same time, the 
velocity of the parts which revolve in the 
'outer circle is as much greater than the velocity of the parts 
which revolve in the inner circle, L N P, as the diameter of 

the outer circle is greater than the diameter of the inner. 

» 

* The oentrifkigal force is proportioned to the iqnare of the relooitj oft 
moving body. Hence, a cord sufficiently strong to hold a heavy body 
rerolying around a fixed centre at the rate of fifty feet in a second, would 
require to have its strength increased four-fold, to hold the same bsll, if its 
Telooity Aonld be doubled. 
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t^nheKI^^ ^^^' ^ *^® ®**^ rotolves XOTud it* 
mmndiummeuttSy ^^t ^^ foUows, from the preceding illii»- 
what parts of the tration, tliat the portiona of the earth 

earth move most , . , ^ .« . . .1 

slowly, and what ^hich xnoYe most rapidly are nearest to the 
parts most rapidly f equator, and that the tLearer any portion 
of the earth is to the poles the slower will be its motion. 

^^?^« r»- 214. Curvilinear motion reqiiires the action 
to produce ^^ ^^^ forces ; for the impulse of one single 
curvilinear force alwajs produces motion in a stnusht 

motwm? and -. " * ^ 

fthyf 



line. 



WXae «2fert 215. A body revolving rapidly around its 

ugai forceon ^o^^g^r axis, if suspended freely, will gradually 
a body reooh- change the direction of its motion, and revolve 

tng around its j -^^ r . 

Umger axis ? aronnd its shorter axis. 

This is due to the centrifugal force, which, impelling the parti 
from the centre of motion, causes the most distant parts to revolve 
in a larger circle.* 



* TMa IftW is beantifiiUy illustrated by k simple apparatas, in which a 
hook is made to revolve rapidly bj means of multiplyiDg wheels. Let an 
oblate spheroid, a doable cone, or any other solid baring unequal axes, be 
snspendied from the hook by meuis of a flexible cord attached to the ex- 
tremity of the longer axis. If, now, it be caused rapidly to revolve, it will 
immediately change its axis of motion, and revolve around the shorter axis. 

The experiment will be doubly interesting if an endless chain be sus- 
pended from the hook, instead of a spheroid. 80 soon as the hook with the 
chain suspended is caused to revolve, the sides of the chain are thrown out- 
ward by l^e centrifugal force, until a complete ring is formed, and then the 
circular chain will commence involving horizontally. This is a beautiful 
illustration of ihe effects of the centrifugal force. An apparatus, with a 
chain and six bodies of different form, prepared to ba attached to the multi- 
plying wheels in the manner described, accompanies most sets of philo- 
sophical apparatus. 

Attached to the same apparatus is a thin hoop of brass, prepared for con- 
nexion witii the multiplying wheels. The hoop is made ramdly to revolve 
around a vertical axis, loose at the top and secured below. %o soon as the 
hoop begins to revolve rapidly, the horizontal diameter of the ring begins 
to increase and the vertical diameter to diminish, thus exhibiting the 
manner in which the equatorial diameter of a revolving body is lengthened, 
and the polar diameter is shortened, by reason of the centrifugal force. 
The daily revolution of the earth around its axis has produced this effect, 
so that.the equatorial diameter is at least twenty-six miles longer than the 
polar. In those planets that revolve faster than the earth th« effect is sUU 

6 
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What is Pro- 216. PROJECTILES. — Brojectiles is a branch 
jeoilest Df Mechanies ^ich treats of the motion of 

bodies thrown or driven by an impelling force above the 
surface of the earth. 

VI^}^ is a 217. A Projectile is a body thrown into the 

Projectile? 2Ar, — as a rocket, a ball from a gun, or a 
stone from the hand. 

The force of gravity and the resistance of the 
jec^ks affected ^^ cause projectiles to form a curve both in their 
iniharmo' ascent and descent;, and, in descending, their 
tion? motion is gradually dianged from an oblique 

towards a perpendicular direction. 

Explain 218. In Fig. 16 the force of projection would carry 
Fig. 10. a ball from A to D, while gravity would bring it to 
C. K these two forces alone prevailed, the 
ball would proceed in the dotted line to B. ^ 
But, as the resistance of the air operates in 
direct opposition to the force of projection, 
instead of reaching the ground at B, the ball B 
will &11 somewhere about E."^ 



X!|g;l«. 




-^yi^at is the 219. When a body is thrown 

course of a in a horizontal direction, or up- 

S*&^Ta ^^^« ^' downwards, obliqudy, its 

horizontal course will be in the direction of 

direction? ^ curve-line, called a partiboUi^ 



fig. IT. 




more ttriking, as is the case with the planet Jupiter, whose-ligure is neaily 
thai of an oblate spheroid. 

The developments of Geology hare led some writers to the theory that 
the earth, duriag one peried of its history, must have had a different axis 
of motion ; but it will be exceedingly difficult to reconcile such a theory to 
the law of rotations which has now been explained, especially as a much 
more rational explanation can be giren to the phenomena on which the 
theory was built. 

* It is calculated that the resistance of the air to a cannon-ball of two 
pounds* weight, with the velocity of two thousand feet in a second, is more 
Hum equivalent to sixty times the weight of the ball. ' 

t The science of gtmiury is founded upon the laws relating to proJeotUcf « 
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(aee Fig. 17) ; bat whea it is thrown perpendkuUarhf npimrds 
or dowDwai Js, it will move perpendicularly, because the force 
of projection and that of gravity are in the same line of 

direction. 

The force of ganpowder ifl accurately ascertained, and ealenlationfl are 
predicated upon these principles, which enable the engineer to direct his 
guns in such a manner as to cause the &11 of the shot or shells in the very 
spot where he intends. The knowledge of this science saves an immense 
expenditure of ammunition, which would otherwise be idly wasted, without 
producing any effect. In attacks upon towns and fortifications, the skilful 
engineer knows the means he has in his power, and can calculate, with 
great precision, tiieir effects. It is in this way that the art of war has been 
elevated into a science, and much is made to depend upon skill which, 
previous to the knowledge of these principles, depended entirely upon 
physical power. 

The force with which balls are thrown by gunpowder is measured by an 
instrument called the Ballistic pendulum. It consists of a l«Cpe block of 
wood, suspended by a rod in the manner of a pendulum. Into this block 
the balls are fired, and to it they communicate their own motion. Now, 
the weight of the block and that of the ball being known, and the motion 
or velocity of the block being determined by machinery or by observation, 
the elements are obtained by which the velocity of the ball may be found ; 
for the weight of the ball is to the weight of the. block om the vdodty of the block is 
to the velocity of the ball. By this simple apparatus many faeta relative to 
the art of gunnery may be ascertained. If the ball be fired from the same 
gun, at different distances, it will be seen how much resistance the atmo- 
sphere opposes to its force at such distances. Rifles and guns of smooth 
bores may be tested, as well as the various charges of powder best adapted 
to different distances and different guns. These, and a great variety of 
other experiments, useful to the practical gunner or sportsman^ may be 
made by this simple means. 

The velocity of balls impelled by gunpowder from a musket with a 
tommon charge has been estimated at about 1650 feet in a secoxid of time, 
when first discharged. The utmost velocity that can be given to a cannon- 
ball is 2000 feet per second, and this only at the moment of its leaving the 
gun. 

In order to increase the velocity from 1660 to 2000 feet, one-half more 
powder is required ; and even then, S.t a long shot, no advantage is gained, 
since, at the distance of 600 yards, the greatest velocity that can be ob- 
tained is only 1200 or 1300 feet per second. Great charges of powder are, 
therefore, not only useless, but dangerous ; for, though they give little 
additional force to the ball, they hazard the lives of many by their liability 
to burst the gun. 

Experiment has also shown that, although long guns give a greater 
velocity to the shot than short ones, still that, on the whole, short ones are 
. preferable ; and, accordingly, armed ships are now almost invariably 
furnished with short guns, called carronades. 

The lepgth of sporting guns has also been greatly reduced of late years. 
Formerly, the barrels were from four to six fCet in length ; but the best 
fowling-pieces of the present day have barrels of two feet or two and a half 
only in length. Guns of about this length are now universally employed 
for such game as woodcocks, partridges, grouse, and such birds as are taken 
on the wing, with the exceptions of ^uoks and wild geese, which require 
longer and heavier guns 
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mia forces 220. A ball thrown in a horizontal direction 

affect a hor- 
izontal pro- is influenced by three forces ; namely, first, the 

^^^ff^d ^^^^® ^^ projection (which gives it a horizontal 
they produce? direction) ; second, the resistance of the air 
through which it passes, which diminishes its velocity, with- 
out changing its direction ; and third, the force of gravity, 
which finally brings it to the ground. 
How is the y 

gravity af- 221. The force of gravity is neither increased 
fectedby the nor diminished by the force of projection.* 

force of pro-' 
jecHon t 

Explain 222. Fig. 18 represents a 
'^^g' Ao. cannon, loaded with a ball, 
and placed on the top of a tower, at 
Buch a height as to require just three 
seconds for another ball to descend per- 
pendicularly. Now, suppose the can- 
non to be fired in a horizontal direc- 
tion, and at the same instant the other ball to be dropped towards 
the ground. They will both reach the horizontal line at the 
base of the tower at the same instant. In this figure G 
a represents the perpendicular line of the falling ball. C & is 
the curvilinear path of the projected ball, 3 the horizontal line 
at the base of the tower. During the first second of time, the 
falling ball reaches 1, the next second 2, and at the end of the 

* The aotioo of gravity being always the same, the shape of the ourve of 
every projectile depends on the velocity of its motion ; but, whatever this 
velocity be, thcS moving body, if thrown horisontally from the same eleva- 
tion, will reach the ground at the same instant. Thus, a ball from a cannon, 
with a charge sufficient to throw it half a mile, will reach the ground at- the 
same instant of time that it would bad the charge been sufficient to throw it 
one, two, or six miles, from the same elevation. The distance to which a 
ball wUl be projected will depend entirely on the force with which it is 
thrown, or on the velocity of its motion. If it moves slowly, the distance 
will be short ; if more rapidly, the space passed over in the- same time 
will be greater ; but in both cases the descent of the ball towards the earth, 
in the same time, will be the same number of feet, whether it moves fiut or 
•low, or even whether it move furwui-d at all, or nut. 
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third seoond it dtrikes the ground. Meantiine, tiuit projected 
firbm the cannon moyes forward with saoh yelocity as to readi 
4 at the same time that the fidling ball reaches 1. Bat the 
projected ball Mis downwards exactly as &6t as the other, since 
it meets the Hne 1 4, which is parallel to the horizon, at the same 
instant. Daring the next second the ball from the cannon 
reaches 5, while the other falls to 2, both having an eqoal de> 
scent. Daring the third second the projected ball will have 
spent nearly its whole force, and therefore its downward motion 
will be greater, while the motion forward will be less than before. 

What effect 223. Hence it appears thai the horizontal 
^iwtik f^^ ^notion does not interfere with the action of 
an gravity? gravity , but that a projectile descends with 
the same rapidity while moving forward that it would 
if it were acted on by gravity alo^e. This is the necech 
Bar J result of the action of two forces. 

What M the 224. The Random of a projectile is the horizontal 
projectile ? distance from the place whei^ce it is thrown to the 
place where it strikes. 

At what angle 225. The greatest random takes place at an 

e^ranJ^' *°S^® ®^ ^^ degrees; that is, when a gun is 
take place / pointed at this angle with the horizon, the ball is 
thrown to the greatest distance. 

What will be Let Fig. 19 represent a gun or 
Uu£^h^l f carronade, from which a baU 
at any angle is thrown at an angle of 45 de- 

flftewc 45 de- grees with the horizon. If 
ftrees * ' 

the ball be thrown at any angle 

aboye 45 degrees, the random will be the same 

as it would be at the same number of degrees below 45 degrees.* 

* A kn5wled^ of this fact, and calonlations predicated on it, enables the 
•ngineer so to direct his guns as to reach tiie object of attack when within 
the range of shot. * 

6* 
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What is tht 226. Centre of Gravity. — It has already 
^7 «^' • been stated [see Nas. 109 A; 110] that t/ie 

Gractty of a *• . 

body? Centre of Crravity of a body is the point 

around which all ihe parts balance each other. It is, in 

other words, the centre of the weight of a body. 

What is the 227. The Centre of Magnitude is the central 

Centre of , - , , n *. i i 

Magnitude t point of the bulk pi a body. 

Where is the 228. When a body is of uniform density, the 
^^^^^. ^- centre of eravity is in the same point with the 

gravity of a «., t» i .<.i 

body f centre of magmtude. But when one part of the 

body is composed of heavier materials than another part, the 
centre of gravity (being the centre of the weight of the body) 
DO longer corresponds with the centre of magnitude. 

Thus the centre of grayity of a cylinder plugged with lead is not 
in the same point as tne centre ofmagnituae. 

If a body be composed of difierent materials, not united in chemical 
oombination, the centre of gravity will not correspond with the centre 
of magnitude, unless all the materials have the same specific gravity. 

When will a 229. When the centre of gravity of a body is 

^^ ^^'U ^^PPO'^j ^® ^^7 ^^^^ ^^^^ ^ supported ; 
it fallf but when the centre of gravity is unsupported, 

the body will &11.* 

What is the 280. A line drawn from the centre of grav- 
tionf ity, perpendicularly to the horizon, is called 

the Line of Direction. 

231. The line of direction is merely a line indicating the path 
which the centre of gravity would describe, if the body were per- 
mitted to fall freely. 



* The Boston School Apparatus eontains a set of eight Illastrations for 
the purpose of giving a clear idea of the centre of gravity, and showing the 
^Ufferenoe between the eentre of gravity and the centre of magnitude. 




mtm wia m. 232. When the line of direction Uk vidna 
'a^.Xitt thebase*ofanybody,fliebodywinst»iid;b.» 
itfaUf when that line fills outside of the faasei Ihe 

body will fall, or be overset 

Etpkdn 283. (1 .) Fig. 21 represento a loaded ^ tL 
■^' ' wagon on the declivity of a hill. The 
line C F represents a horizontal line, J) £ the base 
of the wagon. If the wagon be loaded in such a 
manner that the centre of gravity be at B, the per- ^ ^ 

pendicular B D will fall within the base, and the wagon will 
stand. But if the load be altered so that the eeoti^ of gravity 
be raised to A, the perpendicnlar A C will £dl outside of the 
base, and the wagon will be overset. From this it fellows that 
a wagdn, or any carriage, will be most firmly sii^»ported when 
the line of direction of the centre of gravity fidls ezaetly between 
the wheels; and that is the case on a level road. The oentieof 
gravity in the human body is between the hips, 'and the base is 
the feet. 

234. So long as we stand npri^tly, the Ime of direelion fidls 
within this base. When we lean on one side, the oentte of gEsrity 
not being supported, we no longer stand firmly. 

R)w does a "^235. A rope-dancer performs all his feats of aeil- 
V^orm^'s ^^ ^^ dexteronsly supporting the centre of gravity. 
feats ofagiU For this purpose, he carries a heavy pole in his 
% ^ hands, which he shifts from side to side as he alters 

bis position, in order to throw the weight to the side which is 
deficient ; and thus, in changing the sitnation of the centre of 
grayity^ he keeps the line of direction within the base, and he 
will not fall.t 

• Tho base of a body is its lowest side. The base ^* ^' 

<^f a bod/ standing on wheels or legs is represented bj 
lines drawn from the lowest part of one wheel or leg 
to the lowest part of the other wheel or leg. 

Thus, in Figs. 20 and 21, D E represents the base of 
the wagon and-of the table. 

t The shepherds in the south of France afford an interesting instanoe of 
the application of the art of balancing to the common business of life, 
these men walk on stilts from three to four feet high, and their children. 



r^ 
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236. A ^herie&l bodj will toll down a dope, beoaoM the oentn 
of ETavity b not sapported.' 

237. Bodies, conpiating of bat one kind of substance, aa wood, 
•tODO in lead, and whose densitiea are cooaeqaentl; oaifunn, will 
Stand more firmlj than bodies composed of a variety of siibBtanceB, 
of different densities, because tba centre of gravity in such cases 
mors nearly carreapgods with tbe oentra of magnitude. 

233. When a body is composed of difleient materisls, it will 
etiind moat firmly when the parts whose specifio gravity is the 
greatest are placed nearest to the base. ' 

iS*"'^" " '^^^^^ '^^^ ^ronAer the base and the nearer 
mo3t firmly ' the ceatre of gravity to the ground, the more 
firmlj a body will stand. 

240. Pot this reason, high carrixges are more dangenms thma 
low oaes. 

241. A pyramid also, for tbe same reason, is tbe firmest ot all 

Fig. aa 



stmetures, because it has a broad base, and but little elevation, 
when quite joang, are langbt to practise the lame art. Bj meani of theM 
odd addltioQi to tha length of the leg, their feet are kept out of the wntar, 
or the hsBtsd und, Bad they are also enabled to MO their sheep at a greatei 
dieUnce. Th^ nee these stilts ItiUl great skill Kod oare, and inn, jamp. 
and sreo dsTioe on them, with great ease. 

• A cylinder c&n be made lo roll np a elope, by plogglng one aide of il 
with lead ; the body being no longer of a nniform density, tbe oentre of 
gravity is removed from the middle of the body to lome point in the lead 
u that subsUnoe is muoh heavier than wood. Now, in order that the oyl 
inder may roll down the plane, as it is here siEuated, tbe oeatro of grarlt} 
must rise, which is impossible ; the oontre of gravity must alffaya desoenif 
in moving, and will desoeod by the aearmt and readiest means, wbioh will 
be by forcing the oyliader up tbe slops, until the oentra of gravity is sup 
ported, and then it stops. 

A body also In the shape of two eones united at their basei can be mad* 
to roll np an iuollned plane formed by two bars with their lower end* 
inolined towards eaoh oUier. This is iltnstrated by a simple sontrivansa in 
«)• " Boston Sobool Set, " and (h* faot iUuMrated li oalled " (*• -trVmifel 
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242. A cone bafi also the same stability ; bat, mathematically 
ooDsideredy a cow|8 a pyramid with an infimte number of sides. 

243. Bodies tKiMk have a narrow base are easily overset, beoaoMt 
if they are bat slii^ily inclined, the line of direction will fall ouU 
Bide of the base, qj|^^nseqaently their centre of gravity will not be 
supported. 



Wkif can a 
persovi carry 
two pails of 
water mare 
eanly than 
one 7 



\ ;24^. A penon can carry two pails of water more 
easily than one, because the pails balaooe each 
other, and the centre of gravity remains sopported 
by the feet. Bat' a single pail throws the oentre 
of gravity on one side, and' renders it more difficult to support 
the body. 

Where is the 245. OoMMON Centbb ov Gkatitt ov two 
^l/^T^ Bodies.— When two bodies are connected, they 
lodies connea- are to be considered as forming but one body, and 
erf together t ijave bat one centre of gravity. If the two bodies 
be of equal weight, the centre of gravity will be in the middle 
of the line which unites them. But, if one be heavier than the 
other, the centre of gravity will be as much nearer to the heavier 
one as the heavier exceeds the light one in weight. 

^ 23^ . 246. Fig. 28 rep^senta a ^-^^^^ 
24, and 25. bar with an equal weight fast- "^^^^ 
cned at each end ; the centre of gravity is- 
at A, the middle of the bar, and whatever supports this centre 
will support both the bodies and the pole. 

247. Fig. 24 represents a bar with an ^' **' 
nnequal weight at each end. The centre of 
gravity is at 0, nearer to the larger body. 

248. Fig. 25 represents a bar with un- 
equal weights at each end, but the larger 
weight exceeds the less in such a degree 
that the centre of gravity is within the 
larger body at C* 

* There are no laws oonnected with the snhjeot of Natural Seieaoe lo 

EKQd and stupendous as the laws of attraetion. Long before the snblime 
i, «* Li$ thert b€ lifht^ " was uttered, the Creator's roiee was h«Ma amia J 
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y^Jl^f^ 249. Thb Mechanical Powers. — Th 
require dis- are fiye things in mechanics which require j 
Una consul- ^tinct consideration, namely : 

First, the power that acts. 

Secondly, the resistance which is to be overcome by the 
power. 

Thirdly, the centre of motion, or, as it is sometimes 
called, the fulcram.'*^ 

Fourthly, the respective velocities of the power and the 
resistance; and, 

the expanse of universal emptiness, calling matter into ezistenoe, and sub 
jecting it to these laws. Obedient to the voice of its Creator, matter sprang 
from " primeval nothingness, " and, in atomic embrjos, prepared to oloster 
into social unions. Spread abroad in the unbounded fields of space, each 
partiele felt that it was '* not good to be alone, " Invested with the social 
power, it Mught companionship. The attractive power, thus doubled bj the 
union, compelled the surrounding particles to join in close embrace, and 
thus were worlds created. Launched into regions of unbound space, the 
new-created worlds found that their union was but a part of a great social 
system of law and order. Their bounds were set. A central point controls 
the Universe, and in harmonious revolution around this central point for 
ages have they rolled. Nor can one lawless particle escape. The sleepless 
eye of Nature's law, vicegerent of its God, securely binds thorn all. 

(( Could but one small, reOellious atom stray, 
Nature itself would hasten to decay." 

With this fublime view of Creation, how can we escape the conclusion 
that the very existence of a law necessarily implies a Law-giver, and that 
Law-giver must be the Creator t Shall we not then say, with the Psalmist, 
** Iti» the FOOL who hath said in his heart that there is no God " 1 

Who, then, will not see and admire the beautiful language of Mr. Alison, 
while his heart bums wkh the rapture and gratitude which the sentiments 
are so well fitted to kinSe : 

'* When, in the youth of Moses, * the Lord appeared to him in Horeb,* a 
voice was heard, saying, < Draw nigh hither, and put off thy shoes from off 
thy feet, for the place where thou standest is holy ground.' It is with such 
a reverential awe that every great or elevated mind will approach to the 
study of nature, and with such feelings of adoration and gratitude that he 
will receive the illumination that gradually opens upon his soul." 

** It is not the lifeless mass of matter, he will then feel, that he is exam- 
ining; it is the mighty machine of Eternal Wisdom, — the workmanship of 
Him < in whom everything lives, and moves, and has its being.' Under 
an aspect of this kind, it is impossible to pursue knowledge without mingling 
with it the most elevated sentiments of devotion ; — it is impossible to per- 
ceive the laws of nature without perceiving, at the same time, the presence 
and the providence of the Law-giver : — and thus it is that, in every age, 
the evidences of religion have advanced with the progress of true philosophy; 
and that scisirGB, in bbbctihg a monuxbht to hersslf, has, at tub bamx« 
BUCTBD AH Altar to ths Dxitt." 

* The word/u/cr«m means a prop, or support. 
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Fifthly^ the instnunents employe4 in the oonitnictioo o£ 

the machine. 

250. (1.) The power that acts ia the miucalar strength of aitt 
or animala, the weight and momentiiin of solid bodies, the elas& 
force of steam, springs, the pressure of the air, ^d^ weight of 
water and its force when in motion, &o. 

(2.) The resistance to be oYercome is the attraction of graTity 
or of cohesion, the inertness of matter, friction, Ac. 

(?.) The centre of motion, or the fulcmm, is the point about 
which all the parts of iJfe body moye. m 

(4.) The velocity is the rapidity with which an offset is pro- 
duced. 

(5.) The instruments are the mechanical powers whioh enter 
mto the construction of the machine. 

Pl^. 251. The powers which enter into the 00D8t^u^- 

ihit Me- Btruction of a machine are called the Mechanical 
<^tnical Powers. They are oontrivanoes designed to in* 
crease or to diminish force, or to alter its direction. 
^^ » 252. All the Mechanical Powers are oonstmcted 
damenud ^^ ^^^ principle th&t what is gained in power is 
principle lost in time. This is the fundamental law of 
dumicT? Mechanics. 

258. If 1 lb. is required to overcome the reeistance of 2 Ibe., 
the 1 lb. must move over two feet in the same time that the 
resistance takes to move over one. Hence the resistance will myve 
only half as fast as the power ; or, in other words, the resistance 
reqaiies doable the time required by the power to move o?er a g^ven 
space. 

Explain 254. Fig. 26 illustrates the principle aa applied to the 
i- 1^.26. i^ygj.^ W represents the weight, ng. 26. 

F the fulcrum, P the power, and the bar 
W F P the lever. To raise the weight W 
to w, the power P must descend to p. But, 
as the radius of the eirde in which the 
power P moves is double that of the radius 
gf the circle in which the weight W moves. 
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« 

the are P p is double th« arc W to ; or, in other words, the dis* 
tance P p is double the distance of W to. Now, as these di»- 
taaoes are traversed in the same time by the power and the 
weight respectively, it follows that the velocity of the power 
must be double the velocity of the weight ; that is, the power 
must move at the rate of two feet in a second, in order to move 
the weight one foot in the same time. 

This principle applies not only to th0 lever, but to all the 
Mechanical Powers, and to all machines constructed on me* 
chanical principles. 

How many Me- 255. There are six Mechanical Powers : 
tTthL^r^ the Lever, the Wheel and Axle, the Pulley, 
their names ? the Inclined Plane, the Wedge and the Screw. 

» 

All instruments and maohines are conitruoted on the principle of one 
or more of the Mechanical Powers. 

All the Mechanical Powers may be reduoed to three classes, namelj ; 
1st, a body revolving on an axis ; 2d, a flexible cord ; and, 3d, an inclined 
surface, smooth and hard. To the first belongs the lever, and the wheel 
and axle ; to the second, the puUey ; to the third, the inclined plane, the 
wedge and the screw. , 

What is the 256. The Lever is an inflexible bar, mova* 

Lever, and haw ,, « , 

is it xisedt "^® ^^ * lulcrum or prop. 

It is used by making one part to rest on a fulcrum, applying the 
power to -bear on another part, while a third part of the lever 
opposes its motion to the resistance which is to be overcome. 

257. In every lever, therefore, whatever be its form, there are 
three things to be distinctly considered, namely : the .position of the 
fulcrum, of the power, and of the weight, respectively. It is the 
position of these which makes the distinction between the different 
kinds of levers. 

How many kinds '^gSS. There are three kinds of. levers, 

oj levers are ' 

there t Called the first, second and third, according 

to the respective position of the fulcrum, the power, and 
the weight. 

These may be represented thus : 

Power, Fulcrum, Weight. 

Power, Weight, Fulcrum. 

Weight, Power, Fulorum. 
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ble along the notches. The bar is furnished with three hooks, 
an the longest of which the article to be weighed is always to he 
hung. The other two hooks serve for the handle of the instm 

Tig. 28. 





bI 



ment when in nse. The pivot of each of these two hooks serves 
for the fulcrum. 

261. When suspended by the hook C, as in Fig. 
m "thfi!^ ^^' ^* ^ manifest that a pound weight at E will 
hooks in the balance as many pounds at W as the distance be- 
steelyard? tween the pivot of D and the pivot of C is con- 
tained in the space between the pivot of C and the ring &om 
which E is suspended. 

The same instrument may be used to weigh heavy articles, 
' by using the middle hook for a handle, where, as will be seen 
in Fig. 29, the space between the pivot of F (which in this 
case is the fulcrum) and the pivot of D (from which the wei^t 
is suspended) being lessened, is contained a greater number of 
times in the distance betweeir the fulcrum and the notches on 
the bar. The steelyard is furnished with two sets of notches on 
opposite sides of the bar. An equilibrium "^ will always be 



^ Of JE^uiliimm, — In ik^ paloulatioiit of tb« powtri of nil m»ebhief il is 
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prodaoed when tbe product of the weights on the opposite sidai 
of the fulcrum into their respectiTe distances from it are equal 
to one another* 





A balance, or pair of scales, is a lever of the first kind, with 
equal arms. Steelyards, scissors, pincers, snuffers, and a poker 
used for stirring the fire, are all levers of the first kind. The 
longer the handles of scissors, pincers, &o., and the shorter the 
points, the more easily are they used. 

262. The lever is made in a great variety of forms and of many 
different materials, and is much used in almost every kind oi 
mechanical operation. Sometimes it is detached from the folcram, 

necessary to have clearly in mind the difference between action and equi- 
librium. 

By eqailibrinm is meant an equality of forces ; as, when one force is 
opposed by another force, if their respectiye momenta are equal, an equi* 
librinm is produced, and the forces merely counterbalance each other. To 
produce any action, there must be inequality in the condition of one of the 
forces. Thus, a power of one pound on the longer arm of a lerer will bal- 
ance a weight of two pounds on the shorter arm, if the distance of the 
power from the fulcrum be exactly double the distance of the weight from 
the fulcrum ; and the reason why they exactly balance is, because their 
momenta are equal. No motion can be produced or destroyed without a 
difference between the force and the resistance. In calculating the me- 
ehanical advantage of any machine, therefore, tiie condition of equilibrium 
must first be duly eonsidered. After an equilibrium is produced, whatever 
is added upon the one side or taken away on the other destroys the equir 
librium, and oauses the maofaine to move. 
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but most generally the fnlcnim is a pin or rivet by which the lever 
is permanently connected with the frame-work of other parts of the 
machinery. 

263. When two weiehts are equal, and the fulorom is placed 
exactly in the centre or the lever between them, they will mutuidly 
balance each other ; or, in other words, thO' centre of erayity being 
supported, neither of the weiehts will sink. This is Sie principle 
of tne common scale for weighing. 

Howisvower 264. To gain power by the use of the 
fue^of^ lever, the fulcrum must be placed near the- 
lever? weight to be moYcd, and the power at the 

greater distance from it. The force of the lever ^ there- 
fore^ depends on its lengthy together with the power 
appliedy and the distance of the weight from the fvir 
crufn.* 



ng.io. 




Whalisa 265. A Com- 

Compound pound Lever, rep- ■f_ 

^^^^ ffesented in Fig. ~ 

80, consists of sexs&l levers, 

80 arranged that the shorter 

arm of one may act on the longer arm of the other. Great 

power is obtained in this way, but its exercise is limited to a 

very small space. 

Describe the 266. In a lever of the second kind, the M- 

^^d^h ^'"^"^ ^ ^^ ^^® ®°^' *^® power at the other^ and 
Fig, 31. the weight between them. 

(1.) Let Fig. 31 represent a lever of the second kind. F is 
the fulcrum, P the power, and W the weight. 
The advantage gained by a lever of this kind is 
in proportion as the distance of the power from p 
the fulcrum exceeds that of the weight from the 
fidcrum. Thus, in this figure, if the distance 

• This being the ease, it is evident that the shape of the lever wiU not 
tnflaenoe its power, whether it be straight or betU. The dinct dittance between 
the fulcmm and the weight, eompared with the same distance between the 
fnlcrum and the power, being the only measttre of the meohanieal adrantage 
whieh it affords. 
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0000 knid» of mirJiinery, 
a: tak kinflU wben the power that 

of moftion, and the 

St the fstcamteieoce. 

a[ dovr into xapd 



sfereni^di, to HMTe a 
" ^nw of the fol- 
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One are the 274. The weight is Buppori«d by ft ropa or 

axiirkt ojmhed ^^^° Wound arouod the cyliader; the power ts 
lo the inlieet applied t« another rope or chain wound arooiid 
andaxUj ^\^^ ciTcumfeteDoe of the cylinder. SometimM 

projeoting epokes from the wheel supply the place of the chain.* 



mpplied by a amall 

Explain the 276. The whee) and axle, though made in 

the'wheel'm.d '"*"'? forms, will easily be understood by in- 

axle by Fig. specting Figa. 

34- . 34 and 35. In ^ 

Fig. 34 P represents Uie larger 

wheel, where the power is sp-' 

plied ; C the smaller wheel, or 

cylinder, which is the axle ; 

and W the weight to be raised. 

What is Uie ~ The advantage 

gained by the 

Uie of Ihe wheel proportion as 

and axle ? the ctrcamfer- ' 

emx of the wheel is greater 

than, that of t}ie axle. That 

is, if the circumference of the wheel be six times the oircnm- 

ference of the axle, then a power of one pound applied at the 

wheel will balance a power. of six pounds on the axle. 

How dots Ike 277. Some- "«■»>. 

wheel and axle times the axla 

KT'^wf/r^. i« oonstructed 
tig. ib differ 

from that de- With a winch or 
s^dinFig. handle, u in 
Fig. 35, and 
Mmetimes the wheel has pro- 
jecting spokes, as in Fig. 34, 
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the liiobs, as well as the increasea yetocitjjr of their motion. The 
wheels in clock and ^atch work, and in various kinds of machinery, 
may be considered as leyers of this kind, when the power that 
mo\es them acts on the pinion, near the centre of motion, and the 
resistance to he overcome acts on the teeth at the circumfeitence. 
But here the advantage gained is the change of slow into rapid 
motion 

272. Practical Examples or I^veraoe. 

Que^ionsfor Solution 

(1.) Suppose a lever, 6 feet In length, to be applied to raiee a weight of 50 ponndi^ 
with a power of only 1 pound, where mast the fblcmm be placed ? Ans^ 1.41 in, -)- 

(2.) If a man wishes to move a stone weighing a ton with a crow-bar 
6 feet in length, he himself being able, with his natural strength, to move a 
weight of 100 pounds onlj, what must be the greatest distance of the fuU 
crum from the stone 1 Ana. 8.42 in. + 

(3.) If the distance of the power from the fulcrum be eighteen times 
greater than the distance of the weight from the fulcrum, what power would 
be required to lift a weight of 1000 pounds 1 Ans. 55.55 lb. + 

(4.) If the distance of the weight from the fulcrum be only a tenth of 
the distance of the power from the fulorom, what weight can be raised bym 
power of 170 pounds 1 Ans. ITOO lb. 

(5.) In a pair of steelyards the distance between the hook on which the 
weight is hung and the hook by which the instrument is suspended is 2 
inches ; the length of the steelyards is 30 inches. How great a weight may 
be suspended on the hook to balance a weight of 2 pounds at tiie extremity 
of the longer arm 1 Ana. 28 lb. 

(6.) Archimedes boasted that, if he could have a place to stand upon, he 
could move the whole earth. Now, suppose that he had a fulcrum with a 
lever, and that his weight, compared with that of the earth, was as 1 to 
270 millions. Suppose, also, that the fulcrum were a thousand miles from 
the earth ; what must be his distance from the fulcrum ? 
^^ Ana. 270,000,000,000 mi. 

(7.) Which will cut the more easily, a pair of scissors 9 inches long, 
with the rivet 5 inches from the points, or a pair of scissors 6 inches long, 
with the rivet 4 inches from the points 1 Ana. The first 

(8.) Two persons, of unequal strength, carry a weight of 200 pounds 
suspended from a pole 10 feet long*. One of them can carry only 75 pounds, 
the other must carry the rest of the weight. How far from the end of the 
pole must the weight be suspended 1 Ana. &75 ft. 

(9.) How must the whiffle-tree * of a carriage be attached, that one.horse 
may draw but 3 cwt. of the load, while the other draws 5 cwt. 1 Ana, At f 

(10.) On the end of a steelyard, 3 feet long, hangs a. weight of 4 pounds. 
Suppose the hook, to which articles to be weighed are attached, to be at 
the extremity of the other end, at the distance of 4 inches from the book 
by which the steelyards are held up. How great a weight can be estimated 
by the steelyard 1 ' Ana. 82 lb. 

What is the 273. The Wheel and Axle. — The 
Axle? Wheel and Axle consists of a cylinder with a 

wheel attached, both revolving around the same axis of motion. 

* The whiffle-tree is generally attached to a carriage by a hook or 
leather band in the centre, so that the draft shall be equal on both aides 
The hook or leather baud thus becomes a fulorom. 



Mm are the 274. The weight is aupportod bj a ropa or 

SSeAf"™™^ chain wound around the cylinder; the power i> 
to the wheel applied to aootlier rope or chain wound around 
andaxlej the circumference of Oie cylinder, 

projeoting epokes from the wheel supply Hie place of the 



Explain the 276. The wheel and axle, though made in 

(AeioAee/'on/ •""•J forma, will easily be understood by in- 
orfc by Fig. Bpecting Figs. ^ 

34. . 34aud35. la 

Fig. 34 P represents the larger 
wheel, where the power is ap-' 
plied ; G the smaller wheel, or 
cylinder, which is the asle ; 
and W the weight to be raised. 
What is the ~ The advaiUage 
adi-aiuaee g^tTied W in 

gtttned by the 

useqfthewluel proportum as 
and axle! the drcumfer- < 

ence of the whed is greater 
than that of the axle. That 

is, if the circomfereuce of the wheel be six times tlie circum- 
ference of the asle, then a power of one pound applied at the 
wheel will balance a power. of six pounds on the axle. 

H^io^lh, 277. Som«. '■•"■ 

vihtel and axle times the axle 

*"^'*'^j" is eonatruoted 
fig. ib dijer 

from that de- With a wmoh or 
i^diaFig. handle, as in 
Fig. 35, and 
Mmctimcs the wheel has pro- 
jecting spokes, as in Fig. 34. 
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On hat • - ^'^®* ^® prinoiple upon wbich the wheel and 
tiple is the ^^l® ^ constructed is the same with that of the 
wheel and axle other Mechanical Powers, the want of power 

being compensated by velocitj. It is evident 
(from the Figs. 34 and 35) that the velocity of the circum- 
ibrence of the wheel is as much greater than that o^the axle as 
it is further from the centre of motion ; for the wheel describes 
a great circle in the same time that the axle describes a small 
one ; therefore the power is increased in the same proportion as 
the circumference of the wheel is greater than that of the axle. 
If the velocity of the wheel bo twelve times greater than that 
of the axle, a power of one pound on the wheel will support a 
weight of twelve pounds on the axle. 

279. The wheel and axle are somelames called ** the perpetual 
lever,^* the diameter of the wheel representing the longer arm, the 
diameter of the axle reiMresenting the shorter arm, the fulcrum 
being at the common centoe. 

280. The capstan,* on board of ships and other ytessels, is eon 
structed on the principle of the wheel and axle. It consists of an 
axle placed uprightly, with a head or drum, pierced with holes for 
the lever, or levers, which supply the place or the wheel. 

281. Windmills, lathes, the common windlass, used for drawinff 
water firom wells, and the large wheels in mills, are all constructea 
on the principle of the wheel and axle. 

282. Wheels are a very essential part to most machines. They 
are applied in different ways, but, when affixed to the axle, their 
mechanical power is always in the same proportion ; that is, as 
the circumference of the wheel exceeds that of the axle, so much 
will the power be increased. Therefore, the larger the wheel, and 

« the smaller the s^e, the greater will be the power obtained. 

„n - ^283. Cranks. — Cranks ar* sometimes con- 

WhtU are 

Cranks, and nected with the axle of a wheel, either to ^ve or 
haw are they to receive its motion. They are 

made by bending the axle in such a 
manner as to form four right angles ^facing in dif- 
ferent directions, as is represented in Fig. 36. 
The^ are, in fact, nothing more than a double winch, 

* The differenoe between a capstan and a windlass lies only in the 

rsition of the wheel. If the wheel turn homontally, it is called a capstan ; 
Tertioally, a windlass. 
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^ 284. A rod oonneets tbe cnmk with other parts of the machinery, 
either to communicate motion to or from a wheel. When the rod 
which oonununicates the motion stands perpendicular to the crank, 
which is the case twice during each revofution, it is at what is 
oommonly called the tlead pointy and the crank loses all its power. 
lEfut, when the rod stands obliquely to the crank, the crank is then 
efl^tive, and turns or is turned by the wheel. 

285. Gra^s are used in the common foot-lathe to turn the wheel, 
rhey are also common in other machineiy, and are very convenient 
for changing rectilinear to circular motion, or circular to rectilinear. 

286. When they communicate motion to the wheel they operate 
like the shorter arm of a lever ; and, on the contrary, when they 
communicate the motion from the wheel they act li&e the longer 



What Flu' ^^"^^ Plt-wheeis are heavy rims of metal 
wheels, and secured by light spoiieB to an axle. They are 
what is their ^ged to accamtilate power, and distribute it 

equally among all the parts of a machine. They 
are caused to revolve by a force applied to the axle, and, when 
once set in motion, continue by their inerda to move for a long 
time. As their motion is steady, and without sadden jerks, 
fihey serve to steady the power, and cause a machine to work 
with regularity. 

288. Fly-wheels are particularly useful in connexion with cranks, 
especially when at the dead points, as the momentum of the fly- 
wheel, received from the cranks when ihev acted with most* advan- 
tage, immediately carries the crank out of the neighborhood of the 
dead points, and enables it to again act with advantage. 

289. There are two ways in which the wheel and axle is sup- 
ported, namely, first on pomted pivots, projecting into the extrem- 
ities of the axle,* and, secondly, with the extremities of the axle 
resting on gudgeons. As by the former mode a less extensive area 
is subjected to iricti(m, it is in many oases to be preferred. 

How many /^ 290. Water-whbbls. — There are three 
hinds of kinds of Water-wheels, called, respectively, 

* The termfl axle, axis, arbor and ahafi, are Bynonymoasly used by 
meolianics to express the bar or rod which passes ^ough the oentre of a 
wheel. The germinations of a horizontal arbor are called gudgeons, and 
of an upright one frequently pivots ; but gudgeons more frequently denote 
the beds on which the extremities of the axle revolve, and pivots are 
either the pointed extremities of an axle, or short pins in the frame of a 
maehine which receive, the extremities of the axle. The term axis, in a 
Uore exact sense, may mean merely the longest central diameter, or a 
diameter about which motion takes place. 
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Watet^wheelt-'' the OTershot, tlie Undershot and the Breast 
are there f Wheel 

/591. The OverBliot Wheel receives its motion from tiie wta^i 
of the irater flowing in at the top. 

Dficribe the ^'S' ^'^ represents the Over Aot Wheel. It con- 

Ocfihot sieta of a wheel tiirning mi an axis (not repre- 

Wlu.tl. sented in the figure), with «„ « 

compartmeote called buckets, abed, &c., 

at the circumference, which are Bucces- 

uvelj filled with water from the stream 

S. The weight of the water in the bucketa 

causes the wheel to turn, and the buckets, 

being gradaally inverted, are emptied as 

thej descend. It will be seen, ^m an 

inspectioD of the figure, that the bnokets in the desomding side 

of the wheel are always filled, or partly filled, while those in 

the oppodte or ascending part are always empty mitil they are 

again presented to the stream. This kind of wheel is the most 

powerful of all "the water-wheels. 

292. The Undershot Wheel is a wheel which is moved by th« 
motion of tiie water. It receives its impulse at the bottom. 

De^KTiie the ^'g- ^^ '«?' Kg. M. 

Underahot resents the Un- 

"'i^- derahotWheel. 

Instead of buckets at the cir- 
cumference, it is furnished 
with plane sar&ces, called 
float-boards, abed, &,<:., which 
receive the impulse of the I 
water, and cause the wheel 
to revolve. 

Dttcribt the 293. The Breast Wheel is a wheel which receives 
Breati Wheel, the water at about half its own hei^t, or at the 
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leml of its own axis. It wi$.m. 

is morad both b; tlie 
• waght and the motitHi 

of the water. 

Fig. 39 represents k 

Breast Wheel. It is for- 

Aished either with bnck- 
- ata, or with float-boards, 

fitting the water-oooTBe, receiving the wei^t of the mter wilh 

its force, while In motion it turns with the stream. 

2H. In the wate>wheela which bava dow been decmbed, the 
motion ia giren to the circumference of tbe larger wheel, either bj 
the weight of the water or bj ita force when in motion. 

295. All wheels used in machinery are connected with the diAr- 
Alt parts of the machiQebj other parts, called fran'n;. Soaetinea 
tbej are tamed bj the friction of endless bands or cords, and smie- 
tiines by coes, teeth, or pinions. When turned br bands, the 
motion maj be direct or re?eT8ed b; attaching the band with on* er 
two centres of motion respeotiyely. 

296. When the wheel is intended to rerolre in !!«.*«. 
the same direction with the one from which it 
receives ita motion, the band is attached as in ,^ 

Hg. 40 ; but when it is to revolve in a coatmr 

direction, it is crossed as in fig. 41. In ng. W iif. 41. 

the band has but one centre of motion : in Kr. 41 
it has two. f 

2S7. Instead of the friction of binds, the rough 
' snrfacea of the wheels themselves are made to com- 
' municata their motion. The wheels and ailea thus robbing to- 
other are sometimes coated with rough leather, which, bj iucresa 
ing the frictitm, prevents their slipping over one aootlier withoot 
o(»nmaoicating motion. 

298. Elgore ^ represents sach a combination of wheels. Aa 
the wheel a is tamed bj the weight S, ila ails 
presses against tba circomference of the wheel *, . ^' . 
causing it to turn ; and, as it turns, itm axle nibs 
against the circumference of the wheel c. " ' 



le wheel e, which ^"°C-^"'^'\ 
iU motion to J. \?,rj'-^ji 

* B 



Now, as the rircomference of the wheel a is e^oal 
to sis times the cinnunference of its axle, it is 
evident that when the wheel a has made tnie rev- 
olution i will have perfunued only ooe-iiith of a 
revolution. The wheel a most therefore torn roond sii times to 
cause b to torn once. In likomaniKr A mast p«rf6na ria revulatloH 
hi oaoae c to tun onoe, and < moat totn m asany Hiass to satwa d to 
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nrotn onoe. Heooe it fbllowa tlmt while d revolvea once on lU 
ftxis c miut revolve six timM, b thtrtj-Bix times, tmd a two haDdrad 
and rixteen times. 

29S. If, <m the oontruy, the power be applied at F, the conditiona 
will all be rerersed, Hid e will levolve aii times, b thirtj-six, and a 
two biiiidred and eisteea timea. Thus it appears that we maj 
obtain rapid or alow motion by the lame combuation of wheels. 

Hmn may rapid or ^00. To obtaitt rapid motion, the powar 

'laitteJ^^pkatrnv """* ''* applied to the axle; to obtain 

*y a amMnation ^ glow moti<m, the powcT most be applied to 

^i^ ; "" the circamfiBrence of the wheel. 

301. WheelH are stwaeliniM moved by means of cogs or teeth 
artiealatiiiK one with another, on the cirenmferenee of the wheel 
and the aik. The oogs on the surface of the wheels are Kenerallj 
eilled teeth, and those on the Borface of the axle are ealled leaves, 
ihe axle itwif, when faroiehed with leaves, is ealled a pinion. 

302. Fig. 43 representB a oiwneziou of cogged wheels. Tim 
wheel B, being moved by a ^ 4g_ 

string around its drcumfer- p n 

eoce, is a simple wheel, with- 
out teeth. Its axle, being fur- 
nished with cogs or latoet, to 
which the teeth of the wheel 
D are fitted, communicates its j 
motion to D, which, in like 
manner, moves the wheel C. 
The power P and the weight 
W must be attached to the 
circumference of the wheel or 
of the axle, aocwding as a slow 
or a rapid motion is desired. 

303. Wheels with teeth or cogs are of three kinds, acconUng to 




the position of the teeth. When the teeth are raised perTjendioiilBi 
to the axis, they are called fpr vhetU, or spur gear. When the 
teeth are paiaUel with the axis, the; are ualledcruiOTi wlittU. Whoi 



THg-irannAWTCAT, powkhs. 

they are nised on a surfiide inelined to the azi», they are caHed 
heveUed wheels. In Hg. 43 the wheeU are spur wheeb. In Figp. 
44 and 45 the wheels are bevelled wheels. 

304. Different directions may be g^ven to the motion prodaced 
by wheels, by varying the position of their axles, and causing them 
to revolve in different planes, as in Fig. 44 ; or by alterbg the shape 
and podtion of the cogs, as in Fig. 46. 

How may the 305. The power of toothed wheeb may be 

JJ5J^ %« * esti- estimated Jby substituting the number of teeth 
mated f in the wheel and the number of leaves in the 

pinion for the diameter or the circumference of the wheel and 
axle respectiyely. 

306. Suspension of AcnoN. — In the arrangement of machinery, 
it is often necessary to cut off the action of the moving power from 
some parts, while the rest continues in motion. This is done by 
causing a toothed wheel to slide aside in the direction of its axis to and 
from the cogs or leaves into which it articolates, or, when the motion 
is communicated by a band, by causing the band to slip aside firom 
the wheel to another wheel, which revolves freely around the axle, 
without communicating its motion. 

307. Wheels are used on vehicles to diminish the friction of the 
road. The larger the circumference of the wheel, the more readily 
it will overcome obstacles, such as stones or inequalides hi the 
surface of the road. 

308. A large wheel is also attended with two additional advan- 
tages ; namely, first, in passing over holes, ruts and excavations, a 
large wheel smks less than a small one, and oonsequentiy causes less 
j<dtine and expanditure of power ; and, secondly, the wear of larjp 
wheels is less than that of small ones, for, if we suppose awheel six 
feet in diaineter, it vdll turn round but once while awheel three feet 
in diameter will turn round twice, its tire will come twice as often 
to the ground, and its spokes will twice as oflen have to bear the 
weight of the load. 

309. But wheels most be limited in size by two considerations : 
first, the strength of the materials ; and secondly, the centre of the 
wheel should never be higher than the breast of the horse, or other 
animal by which the veiide is drawn ; for otherwise the animal 
would have to draw obliquely downward, as well as forward, and 
thus expend part of his strength in drawing against the ground.* 

* In deseending a steep hill, the wheels of a earriage are often loehtd (aff 
ifc is called), that la, fastened in snoh a manner as to prevent their turning , 
Mid thns tiie rolling is converted into the tlidiiig fciotion, a|ul the vehioli 
descends more safely. 

Castors are pat on the legs of tables and other articles of famiture, tc 
fiacilitate the moving of them ; and thns the sliding is oonverfced into the 
rolling friction. 

8 
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^ 310« PRA.OnCAXi KZAMPLBB OV POWXB AFPLXBO TO TBM WHUL AVO AzI«. 

Quutiotu for Solution, 

(1.) With a wheel 6 feet in diameter and a power of 6 ponnda, whai 
most be the diameter of the axle to support S owt. 1 AnM. 1.2 in, 

(2.) How large most be the diameter of the wheel to support with 10 
lbs. a weight of 6 cwt. on an axle 9 inches in diameter 1 Ana. 87.57tL 

(3.) A wheel has a diameter of 4 feet, an axle of 6 inches. What power 
must be applied to the wheel to balance 2 cwt. on the axle 1 Ana. 25 lb. 

(4.) There is a connexion of cogged wheels having 6 leaves on the pinion 
and 36 cogs on the #heel. What is the proportion of the power to the 
weight in equilibrittm 1 « Ana. As 1 to 6. 

(5.) Suppose a lever of six feet inserted in a capstan 2 feet in diameter, 
and six men whose united strength is represented by i of a ton at the capstan, 
how heavy an anchor can they draw up, allowing t^e loss of i of their power 
from friction 1 Ana. 2 T. 

(6.) What must be the proportion of the axle to tiie wheel, to sustain a 
weight 30 owt. with a power of 3 cwt. 1 Ana. As 1 to IOl 

(7.) The weight is to the power in the proportion of six to one. What 
must be the proportion of the wbf el to the axle 1 Atu. 6 to L 

(8.) The power is represented by 10, the axle by 2. How canyon repre- 
sent tiie wheel and axle 1 Ana, 10 : toaiffhi: : 2 : ioAmU 

(9.) The weight is expressed by 15, the power by 3. What will repre- 
sent the wheel and axle 1 Ana. 5 and 1. 

(10.) The axle is represented by 16, the power by 4. Bequired the pro- 
• portion of the wheel and axle. Ana. 4 : toeight: : 16: wh^L 

(11.) What is the weight of an anchor requiring 6 men to weigh it, bj 
means of a capstan 2 feet in diameter, with a lever 8 feet long, 2 feet of its 
length being inserted in the capstan ; supposing the power of each man to 
be represented by 2 cwt., and a loss of i the power by fHction? Ana. 56 cu^ 

(12.) A stone weighing 2 tons is to be raised by a windlass with spokei 
2 feet in length, projecting from an axle 9 inches in di<Ameter. How many 
men must be employed, supposing each man's power equal to 2 cwt., including 
l^the loss by friction 1 Ana. %J^inen» 

What is a 811. The Pulley. — The Pulley is a small 
PuUey * wheel turning on an axis, with a string or rope 
in a groove running around it. 
Haw many kinds rfj^g^e are two kinds of pulleys — the 

of pulleys ore * •' 

there J fixed and the movable. The fixed pulley 

is a pulley that has no other motion than a revolution on 
its axis, and it is used only for chaflfging the direction of 
motion. 

• 

Explain 312. Fig. 46 represents a fixed pulley. P is a 
'^^' ' small wheel turning on its axis, with a string running 
round it in>a groove. W is a weight to be raised, F is the fi>ree 
or power applied. It is evident that, by pulling the string at 
F, the weight must rise just as much as the string is drawn 
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S14. The moTible puUey diS^TS from 
the fixed polley b j heing fttt»chod to vv 4t> 
^^f"'^ * ^ weight: it therefcni) risija mkI 

&n3.inth the weight 

315. Fig. 47 represents a movibU poUej, 
J^. 47. with die wei^t Wftttaohed to it by % hook 
belov. One and of the rope is fkstened at F; tadiMl 
tiie power P draws the wei|^t upwards, the pulley 
liaes with the wd^t Now, in order to raise the ^^ 
wei^t one inch, it is evident that both sides of the ntring 

* Although tho fixed palley giT«s bo diraol m«ebaalMl id?(^ntii)(«, i 
man may advantageously use his own strength b7 the UN of it* TluiNi If 
he seat himself on a ohair suspended fh>ui one end of » rt)M pi^iilng ovur * 
fixed pulley, he may draw himself up by the other end of tne rope by eN(»i't* 
ing a force equal only to one>half of his own weight. One h»lf of blii wt^ittbl 
Ss supported by the ohair and the other half by hli hnnds, Md the tttt^i^V li 
the same as if he drew only ont ha(f ofkimat{ftU c limi ; A)r, the r«ne botng 
doubled aoross the pulley, two feet of the rope mait pANi through hi* hiviulM 
before he can raise himself one foot. In this manner Uboreri and itiheri 
frequently descend into wells, and from the upper fluort uf slt^reii by mttHUI 
of A rope passing over ft fixed wheel or pulley. 
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must be Bhortened ; in order to do which, the power P imut 
pass over two inches. As the velocity of the power is double 
that of the weight, it fbllows that a power of one pound will bal- 
ance a weight on the movable pulley of two pounds."^ 

What is the ad- gig. The power gained by the use of pnl* 

vantage gained , . _. • j l i^' i • ai_ 

in the uu of the W^ "» ascertained by multiplying the num- 
movabkjmlle^! ber of movable- pulleys by 2.t 

317. A weight of 72 pounds may be balanced by a power of 9 
pounds with rour pulleys, by a power of 18 pounds with two pul- 
leys, or by a power of 36 pounds with one pulley. Bat in each 
case the space passed over by the power must be dfouble the space 
passed over by the weight, multiplied by the number of moTable 
pulleys. That is, to raito the weight one foot, with one pulley, the 
power most ^Ms over two feet, with two pulleys four feet, with 
four pulleys eight feet. 

Explain 818. Fig. 48 represents a system of fixed and 
Fig. 48. niQyable pulleys. In the block F there h^. ^g. 
are four fixed pulleys, and in the block M there 
are four movable pulleys, all turning on their com- 
mon axis, and rising and fidling with the weight 
W. The movable pulleys are connected with the 
fixed ones by a string attached to the hook H, 
passing over the alternate grooves of the pulleys 
in each block, forming eight cords, and terminating 
at the power P. Now, to raise the weight one foot, 
it is evident that each of the eight cords must be 

* Thns, it is seen that polleys act on the same principle with the leTer 
and the wheel and axle, the deficiency of the strength of the power beinff 
. compensated by jiuperior Telocity* Now, as we cannot increase our natural 
strength, but can increase the Telocity of motion*, it is CTident that we are 
enabled, by pulleys, and other mechanical powers, to reduce the resistance 
or weight of any body to the IctcI of our strength. 

t This rule applies only to the moTable pulleys in the same block, or 
when the parts of the rope which sustains the weight are parallel to each 
other. The mechanical advantage, however, which the pulley seems to possess 
in theory, is considerably diminished in practice by the stiffness of the ropes 
and the friction of the wheels and blocks. When the parts of the cord, 
also, are not parallel, the pulley becomes lees efiicacious ; and when the 
parts of the cord which supports the weight very widely depart from par- 
allelism, the pulley becomes wholly useless. There are certain arrange* 
mentf of the oord and the pulley by which the effective power of tht 




^ 







jtiiiniiuur WH 





— }%ii«5S«» «Mi t# VMM «Ml^ 




^ni^ less «xi»ti<«i of «In«vkIK« 




It Bay be olksSTed, in i\>Uti<m U> \h^ M^ 
•1 Powcn in gcneand^ UmI pmetr h inhi^ 
mi tkt expmx of tme (tmd rW<)C«>y ; ^W 
ti;, dke uame power wkiok iritf rm9$ mf fum^ in 
twopommis m two mimU^s^ sU /WHHib i^ 
six mbiuies, sixty pounds m sixty wumUes^ 4*^« .* 0m4 (4#l ih 
same quantiiy rf force used to rmse ttco pounds omjUmt will 
raise one pound two feet^ ^ And, flirther, it may ho %\t^{^ 
tiiat the product of the weight multiplied by the Vtlooity of ih« 
weight will always be equal to the produot of the power muliU 
plied by the velocity of the power. 

mneymay be angmented in a thne^fbld Initoid of a IWO«l^l<l proBorlt^a 
But, when suoh an advantage ii teoured, it muit be by o«airivui| M luaki 
tiM pewe^pasf oyer three timei the ipaot of tho wtight* 

8« 
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hi what fropwr- Hence we have the following rule : The 

tion is the potoer • • ^1. ^. ^ ^» 

to the weight P^wer %s in the same proportion to the 

when the mov^ weight as the velocity of the weight is to 

^isedf " ^^ velocity of the power. ^ 



324. Pbactkul Bzamples of AppucATxoir or thx Pullbt. 

Quesfsofu for Solution. 

(1.) Suppose a powe^of 9 lbs. implied to a set of 3 movable pulleys. Ai 
lowing \ loss for friotion, what weight can be sustained by them 1 ^. 86 <&. 
(2.) Six movable pulleys are attached to a weight of 1300 lbs.; what 

Eower wiU support them, allowing a loss of two-thirds of the power from 
'iotioni An*.4a(iU>. 

(3.) Six men, with a block and tackle containing nine movable pulleys, 
arft required to raise a sail. Suppose each man's strength to be represented 
by two ewt. and two-thirds of the power lost by friction, what is the 
weight of the sail, with its appendages ? Ans, 72 ctet 

(4.) If a stone weighing 3 tons is to be raised by horse power to the wall 
of a building in process of erection, by means of a derrick from which are 
suspended 3 movable pulleys, how many horses must be employed, sup- 
posing each horse capable of drawing as much as eight men, each of whom 
can lift 2 cwt., making an allowance of two-thirds for friction 1 An*, 1}. 

(5.) A block contains 6 movable pulleys, connected with a beam contain- 
ing 6 fixed pulleys. A weight of half a ton is to be raised. Allowing a loss 
of two- thirds for friction, what power must be applied to raise it 1 ^.8 cfcL 

(7.) The power is 3, the weight is 27; how many pulleys must be used, 
if friction requires an allowance of two-thirds 1 ^n«. 27. 

(8.) Friction one-third of the power, power 6, weight 72, — how many pul- 
leys 1 Ana. 18L 

(9.) Weight 84, friction nothing, pulleys, 3 fixed, 3 movable ; required 
the power. Ana. 14 

(10.) Power 12, friction 8, four pulleys, two of them fixed ; required the 
weight. AniLlt. 

(11.) Six movable and six fixed pulleys. The weight is raised 3 feet 
How far has the power moved 1 Ana. S^/t, 

(12.) The power has moved 12 feet ; how far has the weight moved un- 
der two pulleys, one fixed, the other movable 1 Ana. 6 ft 

(13») The weight, suspended from a fixed pulley, has moved 6 feet. How 
far has the power moved 1 Ana. tfL 

(14.) The power has moved 20 feet under a fixed pulley ; how far has 
\the weight moved 1 Ana. 20 >f. 

n^Vhat is the In- 325. ThB INCLINED PlANB. — The Ll- 

dmed Plane! ^ji^ed plane consists of a hard plain surface, 
inclined to the horizon. 

326. The principle on which the inclined plane acts as a me- 
chanical power is simply the fact that it supports part of the weight. 
If a iKyiy be placed on a horizontal plane, its whole weight will be 

* The stiffness of* the oords and the friotion of the blocks frequently 
require large deduction to be made from the effective power of pulleys. 
The loss thus oooasiooed will sometimes amount to two*thirds of ^e power* 
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lerolTO onc«. Henoe it foUowB that while d revoIreH once on iti 
kzii c muat revolve aix time«, b thir^-aix times, and a two hn&drad 
ftnd uzteeii times. 

299. If, oa the contrary, the power be applied at F, the conditioni 
will oil be reversed, and c wiU levolTe six times, b thirtj-nx, and a 
two hundred and sixteen times. Thns it appears that we msj 
obtun rapid or slow motion by the same combuation of wheels. 

Brno may rapid or 'gOO. To obtain rapid motion, the power 

(m'nerf oi pltiaurt "^i"^ *>» applied to the axle ; to obtain 

*y « umMtwtion of glow motion, the power most be applied to 

whetlt with their ^, . - , ,. , , 

aj,t» ! ™o circamferenoe of the wheel. 

301. Wheels are sometimes moved br means of coca or teetb 
articulating one with another, on the circumference of the wheel 
and the axle. The oogs on the surface of tbe wheels are Kenerallj 
called teeth, and those on the surface of tbe axis are oalled leaves. 
The axle iCMlf, when furnished with leaves, is oolled apinicti. 

302. Fig. 43 represents a connexion of cogged wheels. Tb» 
wheel B, being moved by a f^_ ^_ 

aCriug uound its einnimfer- j, n 

euoe, is a simple wheel, with- 
out teeth. Its axle, being fur- 
nished with cogs or leaves, to 
which the teeth of the wheel 
D an fitted, communicates its t 
ntotion to D, which, in like 
manner, moves the wheel 0. 
Hie power P and the weight 
W moat be attached to tha 
circumference of tbe wheel or 
of the axle, aooording as a slow 
or a rapid motion is desired. 

303. Wheels with t«eth or cogs are of three kinds, according ti 

He. M. Kg. W. 




ue position Ot tbe teetu. n nen tbe teetb are raised perpend 
to the axis, they are called ipur lehetls, or spur gear. Whe 
teeth are parallel with the axis, they ure uulleilcruu'n wheel*. 
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fliey Bi» nSmd on ft sur&oe inoUned to tbe axis, thej •*• callwl 
oeveffed wheels. In Fig. 43 the wheels are epur wheels. In Flg/t. 
44 and 45 the wheels are beyelled wheels. 

304. Different directions may he g^yen to the motion prodaoed 
bj wheels, bj varying the position of their axles, and causmg them 
to reTolve in different pLines, as in Fig. 44 ; or by altering the shape 
and position of the cogs, as in Fig. 46. 

ffow may ike 305. The power of toothed wheels may be 

ufheds be esii- estimated J[)y substituting the number of teeth 
maiedf m the wheel and tiie number of leaves in the 

pinion ^r the diameter or the circumference of the wheel and 
axle respectively. 

306. Suspension of Action. — In the arrangement of machinery, 
it is often necessary to ciit off the action of the moving power from 
Bome parts, while the rest continues in motion. This is done by 
causing a toothed wheel to slide aside in the direction of its axis to and 
&om the cogs or leaves into which it articulates, or, when the motion 
18 communicated by a band, by causing the band to slip aside from 
the wheel to another wheel, which revolves freely around the axle, 
without communicating its motion. 

307. Wheels are used on vehicles to diminish the friction of the 
nad. The larger the circumference of the wheel, the more readily 
it will overcome obstacles, such as stones or inequalities in the 
surface of the road. 

308. A large wheel is also attended with two additional advan- 
tages ; namelj^, first, in passing over holes, ruts and excavations, a 
lar^ wheel sinks less than a small one, and consequently causes less 
jpl^e and expenditure of power; and, secondly, the wear of lar]^ 
wheels is less than that of small ones, for, if we suppose a wheel six 
feet in diameter, it will turn round but once while awheel three feet 
in diameter will turn round twice, its tire will come twiee as often 
to the ground, and its spokes will twice as often have to bdar the 
▼eight of the load. 

309. But wheels must be limited in size by two considerations : 
^t, the strength of the materials ; and secondly, the centre of the 
wheel should never be higher than the breast of the horse, or other 
Animal by which the veSicle is drawn ; for otherwise the animal 
would have to draw obliquely downward, as well as forward, and 
thus expend part of his strength in drawing against the ground.* 

* In desoending a cteep hill, the wheels of a earriage are often locked (af 
It is called), that is, fastened in snoh a manner as to prevent their turning , 
and thns the rolling is converted into the tlidJDg fciotion, apd the vehiclt 
descends more safely. 

Castors are pat on the legs of tables and other articles of furniture, tc 
&cilitate the moTing of them ; and thus the sliding is converfced into the 
rolling friction. 

8 
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310« PaAcncAL Kzamplbb or Powxb applxbo to thm WmuEL uro Axuk 

.< Questions far SdtUion, 

(I.) With a wheel 6 feet ia diameter and a power of 6 pounds, whai 
must be the diameter of the axle to support 3 cwt. 1 Ana. 1.2 in. 

(2.) How large must be the diameter of the wheel to support with 10 
lbs. a weight of 5 cwt. on an axle 9 inches in diameter 1 Ant, 87.57%. 

(3.) A wheel has a diameter of 4 feet, an axle of 6 inches. What power 
must be applied to the wheel to balance 2 cwt. on the axle 1 Ans. 25 1^. 

(4.) There is a connexion of cogged wheels having 6 leaves on the pinion 
and 36 cogs on the Wheel. What is the proportion of the power to tfau 
weight in equilibrium 1 « Ans. As 1 to 6. 

(5.) Suppose a lever of six feet inserted in a capstan 2 feet in diameter, 
and six men whose united strength is represented hj i of a ton at the capstan, 
how heavy an anchor can they draw up, allowing the loss of i of their power 
from friction 1 Ans. 2 T. 

(6.) What must be the proportion of the axle to tiie wheel, to sustain a 
weight 30 cwt. with a power of 3 cwt. 1 Ans. As 1 to 10. 

(7.) The weight is to the power in tho proportion of six to on«. What 
must be the proportion of the whf el to the axle 1 Ans, 6 to 1. 

(8.) The power is represented by 10, the axle by 2. How can you repre- 
sent the wheel and axle 1 Ans. 10 : toeiffhi: : 2 : tohed, 

(9.) The weight is expressed by 15, the power by 3. What will repre- 
sent the wheel and axle 1 Ans. 5 and 1. 

(10.) The axle is represented by 16, the power by 4. Required the pro- 
portion of the wheel and axle. Ans. A: weight: : 16: whsd* 

(11.) What is the weight of an anchor requiring 6 men to weigh it, by 
means of a capstan 2 feet in diameter, with a lever 8 feet long, 2 feet of its 
length being inserted in the capstan ; supposing the power of each man to 
be represented by 2 cwt., and a loss of i the power by fHction? Ans. 66 cwt» 

(12.) A stone weighing 2 tons is to be raised by a windlass with spokes 
2 feet in length, projecting from an axle 9 inches in diameter. How many 
men must be employed, supposing each man's power equal to 2 cwt., including 
V the loss by friction 1 Ans. %Jtrmen. 

What is a 811. The Pulley. — The Pulley is a small 
PuUey * wheel turning on an axis, with a string or rope 
in a groove running around it. 
How many Unds rfj^g^e are two kinds of pulleys — the 

of pulleys are * •' 

there ^ fixed and the movable. The fixed pulley 

i^ a pulley that has no other motion than a revolution on 
its axis, and it is used only for chaflfging the direction of 
motion. 

Explain 312. Fig. 46 represents a fixed pulley. P is a 
^'^* • small wheel turning on its axis, with a string running 
round it in>a groove. W is a weight to be raised, F is the force 
or power applied. It is evident that, by pulling the string at 
F, the weight must rise just as much as the string is dra\m 




THE HBOUAMICAI. FOWISMS. 67 

down. Ab, therefore, the velocitj of the weight and the ng. m, 
pover ia prerasely the same, it is msnifeet that they 
balance each € 

the direction t 

raisea 

with the aasistanoe o 

below. A curtain, or a eafl, also, can be raised bj tueaDB of a 

fixed pulley, vitliont ascending with it, by drawing down a string 

nurning oTer ttte pnlley. 

On iBhat prin- ^^3- ^^ ^^ pulley operates on the same 
apU duel ihe principle as a lever of the first kind with equal 
6xedfui:tyaUt arms, where the fulcrum being In the centre 
(f gravity, the power and the weight are equally distant from it. 
Bod no mechanical advantage is gained. 

„ , . 314. The moTablo pulley diSers from 

Him doet the , _ , „ , , - r i 

movable pulley the fixed pulley by being attached to i]f.4T- 
^r/""" '** the weight; it therefore rises and 
falb.with the weight. 

Erplain Sib. Fig. 47 represrats a movable pulley, 

^'S- 47. vrith the weight W attached to it by a hook 

below. One end of the rope is fastened at F ; and, as 

the pover P draws the wei^t upwards, the pulley I 

nses with the weight. Now, in order to raiae the 

weight one inch, it ia evident that both eidee of the string 

pnllBj givi 
QBS hie 0* 

mipended 

himaslf ap b; tbe other eDd of tha rops by eitrt' 
Dua-bslf of hit own weisbt. One half or bit neight 
and the otber half bj hi> hrnndu, ud the cDeot ii 
ly me half of Umnlf nt a limt s for, the rope being 
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must be shortened ; in order to do which, the power P mtut 
pass over two inches. As the velocity of the power is doable 
that of the weight, it fbllows that a power of one ponnd will bal- 
ance a weight on the movable pulley of two pounds."^ 

What is the ad^ 816. The power gained by the use of pnl- 

vantage gained , . i. • j l i^* i • ^.v 

in the use vf the ^^P ^ ascertained by multiplying the nam- 

movable fuUeyl ber of movable' pulleys by 2.\ 

317. A weight of 72 pounds may be balanced by a power of 9 
pounds with roar pulleys, by a power of 18 pounds with two pul- 
leys, or by a power of 36 pounds with one pulley. But in each 
case the space passed over oy the power must be double the space 
passed over by the weight, multiplied by the number of moTable 
pulleys. That is, to rafse the weight one foot, with one pulley, the 
power must ^ss over two feet, with two pulleys four feet, with 
four pulleys eight feet. 

Explain 818. Fig. 48 represents a system of fixed and 
•^^* '°* movable pulleys. In the block F there ^g. ^g. 
are four fixed pulleys, and in the block M there 
are four movable pulleys, all turning on their com- 
mon axis, and rising and ^ling with the weight 
W. The movable pulleys are connected with the 
fixed ones by a string attached to the hbok H, 
passing over the alternate grooves of the pulleys 
in each block, forming eight cords, and terminating 
at the power P. Now, to raise the weight one foot, 
it is evident that each of the eight cords must be ^"^ 

* Thus, it is seen that pulleys aet on the same principle with the lever 
and the wheel and axle, the deficiency of the strength of the power beinff 
compensated byjiuperior velocity. Now, as we cannot increase our natural 
strength, but can increase the velocity of motion*, it is evident that we are 
enabled, by pulleys, and other mechanical powers, to reduce the resistance 
or weight of any body to the level of our strength. 

t This rule applies only to the movable pulleys in the same block, or 
when the parts of the rope which sustains the weight are parallel to each 
other. The mechanical advantage, however, which the pulley seems to possess 
in theory, is considerably diminished in practice by the stiffness of the ropes 
and the friction of the wheels and blocks. When the parts of the cord, 
also, are not parallel, the pulley becomes lees efficacious ; and when the 
parts of the cord which supports the weight very widely depart from par- 
allelism, the pulley becomes wholly useless. There are certain arrange- 
ments of the oord and the pulley by which the effective power of the 
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Aortened ^one foot, and, eonseqaently, that the pow«r P miut 
deseend eight times that distanoe. The power, therefore, muft 
pass oyer ei^t times the distanee that the wd^t moves. 

319. The movable pulley, as well as the fixed, iicts on the same 
principle with the lever, the deficiency of the streneth of the 
power with the movable pulley being eompaasated by its saperioff 
velocity. 

On what prind- ^^^* ^® fixed 'palley acts on the principle of 
pk is ihe mov- a lever with equal arms. [See No. 813.] The 
UniSed? ^^"^ movable pulley, on the contrary, by giving a 

superior velocity to the power, operates like a 
lever with unequal arms. 

321. Practieal use of Pulleys. — Pulleys are used to raise goods 
into warehouses, and in ships, &c., to draw up the sails. Both kinds 
of pulleys are in these cases advantageously applied : for the sails 
are raised up to the masts by the sailors on deck by means of tho 
fixed pulleys, while the labor is facilitated by the mechanical power 
<ji the movable ones. 

322. Both fixed and movable pulleys are constructed in a great 
variety of forms, but the principle on which all kinds are con- 
structed is the same. What is generally called a tackle and faU^ 
or a block and tackle, is nothing more than a pulley. Pulleys have 
likewise lately been attached to the harness of a horse, to enable 
the driver to govern the animal with less exertion of strength. 

-_--_. , 323. It may be observed, in relation to the Me- 

Wnoz low ap^ , - 

plies to all the chanical Powers in general, that power ts altvayt 

Mechanical gained at the expense of time and velocity ; that 

Powers . ^^ ^^ ^^^^ power which will raise one pound in 

one minute wiU raise two pounds in tioo minutes, six pounds in 
six TninuteSj sixty pounds in sixty minutes, <^c. : and that the 
same quantity of force used to raise tvjo pounds one foot will 
raise one pound two feet, ^c. And, ^ther, it may be stated 
that the product of the weight multiplied by the velocity of the 
weight will always be equal to the product of the power multi- 
plied by the velocity of the power. 

Siilley may be augmented in a three-fold instead of a two-fold proportion 
at, when snch an advantage la seeoredy it must be hy contriving to maks 
tiie power, pass over three times the spaee of the weight. 

8* 
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hi whai prapor- Henoe we have the following rule : 2%« 

Hon is the power • • ^i ^» ^ ^r 

to the weight po^^er %s in the same proportion to the 

when the mov- weiffht €LS the velocity of the weiffht is to 

^^^puuey M ^^ velocity of th^ power.* 



324. PRAOTiaUl BXAMFLBS OF APPUCATIOH OY THE PULLXT. 

Queaft'oiM for S<dution. 

(1.) Suppose a powe^of 9 lbs. implied to a set of 3 moyable pnllejB. Ai 
lowing k loss for friction, what weight can be sustained hj them 1 A.9SI^. 

(2.) Six movable pulleys are aMaobed to a weight of 1800 lbs.; what 
power wiy support them, allowing a loss of two-thirds of the power from 
friction 1 An».4fiOlb, 

(3.) Six men, with a block and tackle containing nine movable pullejs, 
arA required to raise a sail. Suppose each man's strength to be represented 
by two owt. and two-thirds of the power lost by MetioUy what is the 
wei(^t of the sail, with its appendages T Am. 72 ctet 

(4.) If a stone weighing 3 tons is to be raised by horse power to the wall 
of a building in process of erection, by means of a derrick from which are 
suspended 3 movable pulleys, how many horses must be employed, sup- 
posing each horse capable of drawing as much as eight men, each of whom 
can lift 2 cwt., making an allowance of two-thirds for friction 1 Ans. 1}. 

(5.) A block contains 5 movable pulleys, connected with a beam eontain- 
ing 6 fixed pulleys. A weight of half a ton is to be raised. Allowing a Iom 
of two-thirds for friction, what power must be applied to raise it 1 ^.8 ctcL 

(7.) The power is 3, the weight is 27; how many pulleys must be used, 
if friction requires an allowance of two-thirds 1 Arts, 27. 

(8.) Friction one-third of the power, power 6, weight 72, — how many pul- 
leys 1 An«. IS. 

(9.) Weight 84, friction nothing, pulleys, 3 fixed, 3 movable ; required 
the power. Ana. 14. 

(10.) Power 12, friction 8, four pulleys, two of them fixed ; required the 
weight. An^ 16b 

(11.) Six movable and six fixed pulleys. The weight is raised 3 feet. 
How far has the power moved 1 Ana. 8^ ft, 

(12.) The power has moved 12 feet ; how far has the weight moved un- 
der two pulleys, one fixed, the other movable 1 Ana. 6A 

(13») The weight, suspended from a fixed pulley, has moved 6 feet. How 
far has the power moved 1 Ana. 6/t 

(14.) The power has moved 20 feet under a fixed pulley ; how far has 
the weight moved 1 Ana. 20 fL 




is the In* 325. Thb INCLINED Planb. — The In- 
elined Plane? ^jj^ed Plane consists of a hard plain surface, 
inclined to the horizon. 

326. The principle on which the inclined plane acts as a me- 
chanical power is simply the fact that it supports part of the weigJU. 
If a iKxij be placed on a horizontal plane, its whole weight wiU be 

* The itiifness of- the oords and the friction of the bloeks frequently 
require large deduction to be made from the effective power of pulleys. 
The loss thus oooasiooed will sometimes amount to two-thirds of Jhe pow«r» 
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■oDporttsd ; bat, if the plane be rioTftted at one end, by degwee, it 

will sapport less of the weight in proportion to the elevation. nntU 
the plane becomes at right angles to the horizon, when it will su[h 
port no part of the weight, and the body will ftiU perpendicolarl j. 

327. A body, in ascending or descending an inclined plane, will 
have^ a greater space to traverse than if it should rise or fall per- 
oendicularly. The time, therefore, of its ascent or descent will be 
longer, and thus it will oppose less resistance, and thus, also, a less 
force will be required to cause its ascent. Hence, we see that the 
fundamental principle of Mechanics^ *' What is gained in power is 
lost in time," applies to the Inclined Plane Is well as to the Me- 
chanical Powers that have already been described. 

What is the ad- 328. The advantage gained by the use of 
by the u^ of the ^^^ inclined plane is in proportion as the 
inclined planet length of the plane exceeds its perpen- 
dicular height 

Fig. 49 represents an inclined plane. A its height, B 
its length, and W a weight which is to be 
moved on it. K the length C B be four 
times the hei^t C A, then a power of one 
pound at C will balance a weight of four b^<^ I A . 

pounds on the inclined plane C B. 

329. The ereater the inclination of the plane, the ereater must 
be its perpendicular height, compared with its len^h ; and, of 
course, the greater must be the power to elevate a weight along its 
surface. 

330. Instances of the application of the inclined plane are very 
common. Sloping planks or pieces of timber leading into a cellar, 
and on which casks are rolled up'and down ; a plank or board with 
one end elevated on a step, for the convenience of trundling wheel- 
barrovirs, or rolling barrels into a store, &c., are inclined planes. 

331. Chisels and other cutting instruments, which are chamr 
feredj or sloped only on one side, are constructed on the principle 
of the incliped plane.* 

332. Roads which are not level ma^ be considered as inclined 
planes, and the inclination of the road is estimated by the height 
corresponding to some proposed length. To raise a load up an 
inclined plane requires a power sufficient to carry it along the 
whole distance of the length of the base, and then to lift it up to 

* Chisels for outting wood should have their edges at an angle of about 
80*^ ; for catting iron from 60° to 60©, and for cutting brass at about 80° or 
90^. Tools urged by pressure may be sharper than those which, like the 
wedge, are driven by percussion. 
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the elevation ; Imt in the inclined plane a ftebler l»roe win aoooia* 
plish the desired object, because the resistance is spread eqoallj 
over the whole distance.'^ 

What is the 883. Thb Wbdgb.— The Wedge consists 

^' of two inclined planes united at their bases. 

What is the ad- 884. The advantage gained bj the wedge 
^ M?ILf ^/^ ^ ^^ proportion aa its length exceeds the 
wedge t thic&ness between the conveiging sides. 

In what prO' 

portion is the ' It follows that the power of the wedge is in pro- 

power of the portion to its sharpness. 

toedgef 

835. Fig. 50 represents a wedge. The line a b ^'^^ 
represents the base of each of the inclined planes 
of which it is composed, and at which thej are 
united. 

b 

336. The wedge is a very important mechanical power, used to 
split rocks, timber, &c., which could not be eflbcted bj any other 
power.f 

337. Axes, hatchets, knives, and all other cutting instruments, 
chamfered, or sloned on both sides, are constructed on the principle 
of the wedge ; also pins, needles, nails, and all piercing instni- 
menu. ^^ 

On what does 888. The effective power of the wedge depends 

!w!i2r^!? *\^ oil friction ; for, if there were no friction, the 
power of the ' 

wedge depend t wedge would fly back after every stroke. ' 

* Mention has already been made of the sagacity of animals in a former 
page [see No. 64], and a sort of intuitive knowledge which they appear 
to possess of philosophical principles. In ascending a steep hiU, a common 
dray-horse will drag his load from side to side, as U'he were conscious that 
he thuA made the plane longer in proportion to its height, Vid thereby 
made his load the lighter. 

t The wedge is an instrument of exceedingly effectire power, and is 
frequently used in presses for extracting the juice of seeds, fruits, Ac. It 
is used especially in the o*; mUl, by which the oil is extracted from seeds. 
The seeds are placed in hair bags, between planes of hard wood, which are 
pressed together by wedges. The pressure thus exerted is so intense that 
the seeds, after the extraction of the oil, are conyerted into masses as hard 
and compact as the most dense woods. 

Wedges are used also ii»the launching of yessels/and also for restoring 
buildings to the perpendicular which haye been inclined by Uie sinking oT 
the foundation. 
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439. The wedge deriyes mocli of its DOwer from the foroe of per- 
cussion, which in its nature is so diffbreni from continued force, 
such as the preeeuie of weights, the force of springs, Ac., that it 
would be difficult to suhmit it to numerical odciUation ; and, there- 
fore, we cannot properly represent tiie proportion which a blow 
bears to the weight. 

WhaHsOe v?^340- Thb Scrbw.— The Screw is aa in- 
^f^f^^^ olmed plane woand around & cylinder, thus 

producing a circular inclined plane, forlhing what is called 
the threads of the screw. 

341. Cut a piece of paper in the shape of an inclined plane, as 
represented bj Hg. 49, and, beginning with the end represented 
by the height A, in that Figure, wind it around a pe»eil, or a 
round ruler. The edge of the paper will be a ciroulaplnclined plane, 
and will represent the tiireads of the scrow. The distance between 
any two threads on the same side of the rule wiU rejMfesent the per- 
pendieolar heisht of the inclined plane that extends once around the 
cylinder, and we adyantace gain^ in the use of the screw (when 
osed without a lever) will be the same as in the inclined plane; 
namely, as the length of theplane exceeds the perpendicular hdsht. 
But the screw is seldom used alone J A lever is generall;^ attadied 
to the screw, and it is with this attachment the screw will now be 
conaidQred. 

-^^ . 842. The Screw is generally accompanied 

generally attends hy an appendage called the nut, which consists 
the Screw 7 of a concave cylinder or block, with a hollow 

q>iral cavity cut so as to correspond exactly with the threads of 
the screw. When thus fitted together, the screw and the nut 
form two inclined planes, the one resting on the other. 

, . 343. Sometimes the screw is movable and 

Js the screWy or , 

the nvi mov- the nut is stationary, and sometimes the screw 
oUe f is stationary and the nut is movable. 

344. At every revolution the screw or the nut advances or 
retreats through a space equal to the distance between the threads 
of the scrow. 

hi what manner ^^- ^« P^^®' applied to a screw generally 
does the power describes a circle around the screw, perpendio- 
apptied to the ^^ ^ ^^ ^^^ ^ ^^dck the screw or nut 
fcreio move? ^ 

moves. 
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What is the advan- 846. The advantage gained by Hie 
tage gained by the screw is in proportion as the circumfer- 
«-'•' ence described by the power exceeds the 

distance between the threads of the screw. 

What is meant by ^7. The cylinder with its threads is called 
the Convex and ^q Convex 3crew, and the nut is called the 

Concave Screw. The lever is sometimes at- 
tached to the screw, and^sometimes to the nut. 

Eocpkan 348. Fig. 51 represents a fixed screw 
^ S, with a movable nut N, to which is 

attached the lever L. By turning the lever in one 
direction the nut descends, and by turning it in the 
opposite direction the nut ascends, at every revo- 
lution of the lever, through a space equal to the dis- 
tance between the threads of the screw ; to accomplish whidi, the 
hand or power applied to the end of the lever L will describe a 
circle around the screw S, of which the radius is L S. The 
power thus passes over a space represented by the circumfer- 
ence of this circle, and the advantage gained is in the same pro- 
portion as the spaoe exceeds the distance between each thread 
of the screw 
Explain 349. Fig. 52 represents a movable ''«• *2. 

^* screw, with a nut fixed in a frame, and 

consequently immovable. As the lever L is 
turned, the screw ascends or descends at every 
revolution of the . lever through a space equal to 
the distance between the threads of the screw, and 
the advantage gained is iri the same proportion as in the case of 
the movable nut in Fig. 51. 

350. It will thus be seen that, although the screw is usually con- 
sidered distinctly as a mechanical power, it is in fact a compound 
power, consisting of two circular inclined planes, moved by a lever. 

351. The power of the screw being estimated by the distance 
between the threads, it follows that the closer the threads are 
together, the greater will be the power, but the slower will be the 
motion produce ; for, every revolution of the lever advances the 
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The screw is applied to preBseB and s 



where great power is to M applied, without percnwioo, throogh 
Koall diBtaucea. It is lued in bookbinder*' pieMea, in dder and 



vitWI^eewa.innuBiiiebuildings. It ia also used for 

0M]iio2, and tor punching Bquare or circular holes "W- *fc 

timn^ tfaiok plates of metal. When used for this •^^^h 

purpose, the lever passes through the head of the 

■crew and terminates at both ends with heavy 

balls (a weights, the momeotunf of which adds U 

the tore« of the screw, and invests it with ii 



353. Hunter's Screw. — Ths ingenious -contrivoace known bj 
tiw name of Hunter's Screw aouBists of two serewa of different 
threads placing one within the other ; andBUohwill be theefiect, thai 
wbileone is advancing forward the other will retreat, and theresist- 
anoe will be urged forward through a distonoe equal odiy to tba 
did^renoe between the threads of the two screws. An indefinite 
increase in tlie power is thus obtained, without diminishing the 
thread of the screw.* 



• From wfaat hu baeo lUted vlUi reriird to tha HBuhknlwl Povera, It 
ai^Mtan that bj their did a mui i> enabled to perform worki to which bii 
anuaUted lUtural itrengtb ig wholl; inuleqnste. But tfae power at M 
aaobioes is limibid b; the itrength of the matarlati at whloh tha; are ooio- 

be7DDd > oertala limit. Its ephesiva attraotioa may ba deatro;ed, and it 
ean withttand no nwiituioa whieh i> Btronger tfaan iti whaaire attrutlan. 
Beeidea the atreogth of the materials, it la neoeaaar;, alio, to oomider tha 
(iiiuniiieh ie expended id the apptioation of meohanieal suietaTioe, Arohlm- 
•dea ia eaid to hara booatad to Hiero, King of Sf raouaa, that, if he would 
give him a place to atand apon, he xould move the whole world. In order 
to do this, Arahlmedea moat bloiieir bare moved over aa maoh mora ipooa 
(haDfaemovedtbeworldaatha weight of tha world eisaaded bli own waigbt) 
and It has bean oompoted that be must bave moved with tha Telocit; of a 
•annonJiall for a million of yeara, in order to move the aartb tha tweutj- 
(•van milUuath part of an inoh. 



I 
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36i. Pmuhhuo* Bzaxplm or tbb Appuqahoit of tbb Ivgmrd 

AND THB Screw. 



Qtustions for Solution, 

(1.) With an inclined plane the power moTes 16 feet, the power is to th« 
weight as 6 to 24. How far does the weight move ? Atu. 4Jk 

(2.) The length of an inolined plane is 6 feet, the proportion of tii* 
power to the weight is as 2 to 10. What is the height of the plane t A,l/t. 

(3.) An inolined plane is 4 feet high, a power of 6 lbs. draws up 30 
lbs. What is the length of Ihe plane 1 Ant, 20A 

(4.) The length of a plane is 12 feet, the height is 3 feet. What is the 
proportion of the power to the weight to be raised 1 An», As 1 to 4^ 

(6 ) The distance between the threads of a screw is 1 inch, the length of 
the lever is 2 feet. What is the proportion . Ans. 1 to 150.79 -|- 

(6.) Which will exert the greater force, a lever 3 feet long with the 
falomm 6 inches from one end, or a screw with a distance of 1 inch between 
the threads and a lever one foot long 1 Ant. The terete, 

(7.) A screw with the threads 2 inches apart, and a lever 6 feet long, 
draws a ship of 200 tons up an inolined plane whose length is to the height in 
the proportion of^^irtXT. What power most be appliML to the le|er of the 

■orewl ]i%( ^««- JW»-+ /Af,^ 

(8.) If a man can lift a weight of 150 lbs., how much can he dmw up mn 
Inolined plane whose length is to its height as ;I4 to 3? Ant. 1200 lb. 

(9.) A Hanter*s screw has a lever four feet lon|f. The distanoe between 
the threads of the larger screw is 1 inch, between those of the smaller f <^ an 
inch. How much weight can a man whose power is represented by 175 lb?, 
move with such a screw 1 Ant. 211115152 Uk 

(10.) A screw with a lever of 2 feet in length, and a distance of i of an 
inch between its threads, acts on the teeth or cogs of a wheel whose diameter 
is to tJiat of the axle as 4 to 1. Fastened to Uie axle is a rope, one end of 
which is attached to a weight at the bottom of an inclined plane, the lengtlc 
of which- is to the height as 12 to 3. • Suppose this weight to require the 
•trength of a man who oan lift 200 lbs. to be applied to the lever <^ the 
aerew to move it. What is the weight 1 . ^ Ant. 96j}09B800 lb. 

What Xi' the 855. Thb Kneb Joint, ' or Togglb 

consists of two bars united by a hinge or ball and socket, 
which, being urged by a power perpendicular to the resistanoe, 
acts with rapidly-increasing force, until the bars form a 
straight line. 

The toggle (or knee) joint affords a very nsefol mode of oouTert- 
!ng velocity into power, the motion prodaoed being very nearly at 
right angles with the direction of the force. It is a combination 
of levers, and the same law applies to it as to all machinery, 
namely, that the power is to the resistance inversely as the space 
of the power is to the space of the resistance. 
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tl^lm 356. Fig 56 repreaeots ■ toggle joint, nf «. 
Fig- 55. ^ y and B C are the two rods oon- r" ) A 

nectfid'bj a joint at 0. A moving foroe applied V^ 

at C, in the directioo C D, acts with great and ^ Tt 
ODDst&ntl; itkcreaBing power to eeparate the parta fH » 
A and B. 

357. The operatjon of the tomie "■■ M- 
jomt Ib seen in the iion joints which 

are used to uphold the tope of chains. 
It ia also used in rariuug kinds of 
printing-presses to obUin the great- 
cat power at the moment of imprea- 

358. MiDU. — The motion of all 
bodies ii afieclcd bj the sabstance or 
element in which thej move, and by 
whiefa thej are on all sides saiTOUua. 
ed. Thus the bird flies in the sir, the 
fish swims in the water. Air there- 
fore ie the medium in which the for- 
mermoreB, while water isthe medium j 
in which the motion of the latter is > 

Wi^ ii a 359, ^ Medium ia the Bnbetaooe, solid or fluid, 
which sorroonds a body, and wtuGh the body muat 
displace as it moves. 

360. Wlien the fish swims or the bird flies, each mnst fome it* 
way through the air or the water ; and the element thus Ah'> ^'■-r- A 
must rush into the spotvocated bjthe bodr in its progreM.- . da 
■Itesdj been stated that the bodj of the fish or oF the bird ia (iro- 
pelled in its motion in the one case by the reaction of the air on the 
wbgs of the bird, and in the other of the water on the fins of a fisb. 
The fish moves in the denser medium and needs therefore to present 
s less Burfaoe for the reaction of the water ; while the bird, living in 
a comparativelj rare medium, presents in his wings a much lurrer 
extent of surface to receive the reaction of the air. In making 
the fins of a fish, therefore, so much smaller, in proportion to its 
riie, U^an the wings of a bird, nature herself has taught us that, 

UiU^mS^^^a ^^^- ^''^ resistance of a medium is 
mihm! in exact proportioD to its density. 

• A ilmilsr effect, tut with » reviirt«d mtion, U prodnoed when » Ion* r«pe 
Udtlr (Utised b«t«»en two polntt. ti f-in}bl7 poUed In »• mWdw. 

9 
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362. A body foiling through water will move mor« dowly tbtfi 
one falling in the air, because it meets with more resistance fiom 
the inertia of the water, on account of the greater densitg^ of tho 
water. 

What is a 363. A VACUUM. — A Vacuum is unoccu- 

VacHumP pi^ space; that is, a space which contaiitt 
absolutely nothing. 

364.- From this definition of a vacuum, it appears that it doei 
not mean a space which to our eyes appears empty. What we cah 
an empty bottle is, in fact, full of air, or some other invisible fluid. 
If we sink an empty bottle in water or any other liquid, neither the 
water nor any other liquid can enter until some portion of the air h 
expelled. A small portion of water enters the bottle immersed, 
and the air issues in bubbles from the mouth of the bottle. Other 
portions of water then enter the bottle^ expelling the air in similar 
manner, until the water entirely fills the Dottle, and then the air- 
bubbles cease to rise. 

365. From this statement of the meaning of the term '^ a vacuum," 
it will be seen that if a machine be worked in a vacuum (or, as it 
is more commonly expressed in Latin, i' in vacuo ") its motion will 
be rendered easier, because the parts receive no resistance from a 
surrounding medium. 

What is Frio- ^^' FRICTION. — IViction IS the resistance 
Htm, and hm which bodies meet with in rubbing against 

^J?"^ "^ «a«h other. 

there f De- There are two kinds of friction, namely, 

**''^*^*^- the rolling and the sliding friction. The 

rolling friction is caused by the rolling of a cirenlajr body. 

867. The sliding friction is produced by the sUdii^ or 
dragging of one surface over another. 

368. Friction is caused by the unevenness of the surfaces which 
come into contact.* It is dimintlshed in proportion as the surfaces 
are smoothed and well polished. The sliding friction is overcome 
* with more difficulty than the rolling. 



* All bodiM, how well soeyer they may be polished, hare inequalitiefl in 
their Burfaoee, which may be perceived by a microaoope. When, therefore, 
the surfaces of two bodies come into contact, the prominent parts of the 
9ttk will often fall into the hollow parts of the other, and cause more oi 
|«ff resistance to motlou. 
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What portion 369. Friction destroys, but ne^er can generate^ 

rf the power of ^^^tion. Ik IB usually computod ihat fnction 
.a machine ts « • 

lost hyfrio- destroys one-third of the power of a machine. 

^^^ In calculating the power of a machinft» there* 

fore, an allowance of one-third must be made for loss by firio* 

tion.* 

What ' A ^*^^' ^^' grease, black-lead or powdered soap- 
to lessen friC" Stone, is used to lessen friction, because they ad 
Itoa/ and ^ ^ polifih by filling up the cavitiea of the 
^^' rubbing eorflioeS) and thus make them slide mwe 

easily over each other. 

Eywdoesfric- ^1- Friction increases : 

Hon increase f ^i^j j^ tj^o weight or pressure is increased. 

(2.) As the extent of the surfaces in contact is increased, 
(3.) As the roughness of the surface is increased. 

How mayfrio ^^^' Friction may be diminished : 

tion he diminr (1.) By lessening the weight of the body in 

«^^' moUott. 

(2.) By medianically reducing the asperitieB of the slidiiig 
snr&oes. 

(3.) By lessening the amount of surface of homogeneous 
bodies in con&ct with each other. 

(4.) By converting a sliding into a rolling motion. 

(5.) By applying some suitable ungaent-t 

* When finel^-poliflbed iron is mftde to rub on bell-metal, the friction la 
uid to be reduced to about one-eighth. Mr. Babbit, of Boston, has pre- 
parod a composition for the wheel-boxes of locomotire engines and other 
machinery, wlUch, it is said, has still further reduced the amount of frio- 
tioa. This composition is now much in use. As the friction between 
rolling bodies is much less than in those that drag, the axle of large wheels 
is sometimes made to move on small wheels or rollers. These are called 
frietion wheels, or friction rollers. Thej turn round tiieir own centre as 
the. wheel continues its motion. * 

t From the experiments made by Coulomb, it appears that the friction 
of heterogeneous ; bodies is generally less than that of homo/jenous that 
is, that if a body ruS against another composed of the same kind of wood 
or metal, the friction is greater than that of different kinds of metal, or of 
wood. 

Ferguson's •xperimenti go to proye that the frioUon of polished steel 
tgainst polished sUel is ^eater than that of polished «toel oi^ copper or pii 



/' 
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What are thf ^^^* FrictioD, altliongli it retards the modem 
nsesoffrio- of maohines, and caua^ a great loss of powert 
"^'^ * perforins important benefits in full compensation. ' 

Were there no friction, all bodies on the sur&ce of the earth 
would be clashing against each other. Bivers would dash with 
unbounded velocity, and we should see little but motion and 
collision. But, whenever a body acquires a great velocity, it 
soon loses it by friction against the surface of the earth. 

374. The friction of water against the surfaces it runs over soon 
reduces the rapid torrent to a gentle stream ; the fury of the tempest 
is lessened by the friction of the air on the face of the earth ; and 
the violence of the ocean is soon subdued by the attrition of its own 
waters. Our garments j also, oWe their strength to friction ; and 
the strength of ropes, cords, sails and various other things j depends 
on^ the same cause, for they are all made of short fibres pressed 
together by twisting, and this pressure causes a sufficient degree of 
friction to prevent the fibres sliding one upon another. Withoat 
friction it would be impossible to make a rope of the fibres of hemp, 
or a sheet of the fibres of flax ; neither could the short fibres of 
cotton have ever been made into such an infinite variety of forms aa 
they have received from the hands of ingenious workmen. Wool, 
also, has been converted into a thousand textures of comfort and 
Luxury, and all these are constituted of fibres united by friction. 

What is the ^ 375. EeQULATORS OF MOTION. — ThK 

Pendulum? PfiNDULUM. — The Pendulum* consists of a 



brass. In a Qombination where gun-metal rubs against steel, the laino 
weight may be moved with a force of fifteen and a half pounds that it 
would require twenty-two pounds to move when cast-iron moves against 
steel. 

* The pendulum was invented by Galileo, a great astronemer of Florence, 
in the beginning of the seventeenth Century. Perceiving that the chan- 
deliers suspended from the ceiling of a lofty church vibrated long and with 
great uniformity, as they were moved by the wind or by any accidental 
disturbance, he was led to inquire into the cause of their motion, and tbifl 
inquiry led to the invention of the pendulum. From! a like apparentiy 
insignificant circumstance arose the great discovery of the principle of 

fravitation. During the prevalence of the plague, in the year 1665, Sir 
saao Newton retired into the country to avoid the contagion. Sitting ia 
his orchard, one day, he observed an apple fall from a tree. His inquisitive 
mind was immediately led to consider the cause^which brought the apple 
to the ground, and the result of his inquiry was the ^scovery of' that grand 
prinoipld of gravitation which may be considered as the first and most im- 
portant law of material nature. Thus, out of what had been before the 
eyes of men, in one shape or another, from the creation of the world, diil 
these philosophers bring the most importiuit retultf. 
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ire%ht or ball suspended by a rod, and made to swing 
bockwards and forwards. 

Whatareihe 

motions of a 876. The motions of a pendulum are caUed 
pendiUum call- £^ vibrations or oscillations, and they are 

edj and how ' ^ 

are they caused by gravity. "^^ 

-causedl 

What is the The part of a circW throi]^^ which it moves 

uhtmt IS called its arc- 

What differ- 377. The vibrations of pendulums of equal 
the tTme of the length are very nearly equal, whether they 
vibrations of move through a greater or less part of their 

fendtUums of • 

equal length f "'^^^•T 

378. In Fig. 57 A B represents a pendulum, w\g. 6T. 
DFEC the arc in which it vibrates. K the ""^ 

pendulum be raised to E it will return to F, if it 
be raised to C it will return to D, in nearlj the n 
same length of time, becduse that, in proportion 
as the arc is more extended, the steeper will be 
its beginnings and endings, and, therefore, the more rapidly 
will it fall.* - 

* When a pendulum is raised from a perpendioular position, Its weight 
win cause it to fall, and, in the act of falling, it acquires a degpree of motion 
which impels it to a height beyond the perpendicular almost as great as 
that to which it was raised. Its motion being thus spent, gravity again 
sets upon it to bring it to its original perpendicular position, and It again 
Mquires an impetus in falling which carries it nearly as high on the oppo- 
site aide. It thus continues to swing backwards and forwards, untU the 
nsistance of the air wholly arrests its motion. 

It will be understood that gravity affects eyery part of the length of tiie 
pendulum. A ball or flattened weight is attached to the lower end of the 
. pendulum to concentrate the effects of gravity in a single point. 

In the construction of clocks, an apparatus connect^ with the weight or 
the spring is made to act on the pendulum with such a force as to enable it 
to overcome the resistance of the air, and keep up a continued motion. 

t It has already been stated tha^ a body takes the same time in rising 
^ falling when projected upwards. Gravity brings the pendulum down, 
•nd inertia causes it to continue its motion upwards. 

% The length of the are in whioh a pendulum oseUlatoe is oaUed Ita 
•a^Utade. 

9* 
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On lohai does 879. The time occupied in the" vibraticMi of 
ike time of the ^ pendulum depends upon its lengHi. The 

osallaitonsof , ., ^ i i i -^ • 

a psndulum longer the pendulum^ the slower are its yi- 
depend^ brations.* 

What is the ^^^' ^^^ length of a pendulum which 

length of a vibrates sixty times in a minute (or, in other 

^^0^ words, which vibrates seconds) is about thirty- 

eoery second nine inches. But in different parts of the 

of timet earth this length must be varied. 

Which must he the j^ pendulum, to vibrate seconds at the 

longer^ to vwraie *^ ' 

,second$, apendulum equator, must be shorter than one which 

at the egualor crone yifcrates seconds at the poles. + 
si the poles / ^ ' 

ffow is a clock . 381. A clock is regulated by lengthening 
-egiilated? qj. shortening the pendulum. By lengthening 
the pendulum, the clock is made to go slower ; by shortening 
it, it will go faster.J 

* Tho weight of the ball at the end of a pendulam does not afieot the 
dnratioQ of its oflcillations. 

t The equatorial diameter of the earth exceeds the polar diameter by 
ftboat twenty-six miles ; oonsequently the poles most be nearer to the centre 
of the earth's attraction than the equator, and gravity must also operate 
with greater force at the poles than at the equator. Hence, also, the length 
of a pendulum, to vibrate in any given time, must vary with the latitude 
of the place. 

% The pendulum of a dock is made longer or shorter by means of a sovew 
beneath the weight or ball of- the pendulum. The clock itself is nothing 
more than' a pendulum connected with wheel*work, so as to record the 
number of vibrations. A weight is attached in order to oounteract the 
retarding effoot of friction and the resistance of the air. The wheels show 
how many swings or beats of the pendulum have taken place in a given 
time, because at every beat the tooth of a wheel is allowed to pass. Now, 
if this wheel have sixty teeth, it will turn round once in sixty vibrations 
of the pendulum, or in sixty seconds ; and a hand, fixed on the axis of the 
wheel projecting through the dial-plate, will be the second-hand of Uie 
olook. Other wheels are so connected with the first, and the number of 
teeth in them is so proportioned, that the second wheel turns sixty times 
slower than the first, and to this is attached the minute-hand ; and the 
third wheel, moving twelve times slower than the second, carries the hour- 
hand. On aooouut of the expansion of the pendulum by heat, and its con- 
traction by cold, clocks will go slower in summer than in winter, becauAt 
the pendulam k thereby lengthened at that season. 



hi^ff^ 382, Tbe lengths of pendulams ar^ to mob 

kngihsof other as the square of the time of their 

pendulums? vibration. 

• 

383. According to this law, a pendulum, to vibrate once in two 
secoDds, must be four times as long as one that vibrates once in one 
second ; to vibrate once in three seconds, it must be nine times as 
long ; to vibrate once in four seconds, it must be sixteen times aa 
long ; once in five seconds, twenty-five times as long, &c. 

The seconds employed in the vibrations being 

1,2,3,4,5,6,7,8,9, 

the length of the pendulums would be as 

1.4,9,16,25,36,49 64,81. 

A pendulum, therefore, to vibrate once in Jive seconds ^ must be 
over eighty feet in length. 
^ 384. As the oscillations of a pendulum are dependent upon gravi- 
tation, the instrument becomes useful in ascertaining the force of 
gravity at different distances from the centre of the earth. ^ 

385. It has already been stated that the centrifugal force at the 
equator is greater than in those parts of the earth which are near 
the poles. As the centrifugal force operates in opposition to that 
of suavity, it follows that the pendulum must also be a&cted by it ; 
ana this affords additional reason why a pendulum, to vibrate 
seconds at the equator, must be shorter than ene at the poles. It 
has been estimated that, if tht revolution of the earth around its 
axis were seventeen times faster than it is, the centrifugal force at 
the equator would be equal to the force of gravity, and, conse- 
quently, neither could a pendulum vibrate, nor would bodies there 
have any weight. 

386. As every part of a pendulum-rod tends to vibrate in a dif- 
ferent time, it is necessary that all pendulums should have a weight 
attached to them, which, by its inertia, shall concentrate the attract- 
ive force of gravity. 

. 387. Pendulums are subject to variation in warm and cold 
weather, on account of the dilatation and contraction of the mate- 
rials of which the rod is composed, by heat and cold. For this 
reason, the same pendulum is always longer in summer than it is in 
winter ; and a clock will, therefore, always be slower in summer 
than in winter, unless some means are employed by which the 
effects of heat and cold on the length of the penaulum can be coun- 
teracted. .This is sometimes effected in what is called the gridiron 
pendulum by combining bajrs or rods of steel and brass, and in the 
niercurial. pendulum by enclosing a quantity of quicksilver in a 
tube near the bottom oi the pendulum. 

388. In order to secure a continuous motion to the pendulum 
(op, in other words, to keep a clock in motion), it is necessary that 
the pendulum should hang in a pro]jier powtion. A practised ear 
can easily detect any error in this respect by the irregularity in the 
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licking, or (as it is called) by its being ** out of heatJ*^ To remedy 
this fault, it is necessary either to incline the clock to the one side 
or tire other, until the tickings are synchronous ; or, in other words, 
are made at equal intervals of time. . It can sometimes be done 
without moving the clock, by slightly bending the upper appendage 
of the pendulum in such a manner that the two teeth, or pro- 
jections, shall properly articulate with the escapement-wheel. [Set 
No. 303.] 



%A9. Table ofx\t Length* of PenduluTHs to vibrate Seconds in different latiiwia* 

Inches. Indues. 



At the equator, 
Lat. 10" Worth, 


39. 


At the equator. 


39. 


39.01 


Lat. lO"" South, 


* 39.02 


20 " 


39.04 


20 ^ 


39.04 


30 ** 


39.07 


30 " 


39.07 


40 " 


39.10 


40 •« 


39.10 


50 " 


39.13 

51Q Ift 


50 " 
AA « 


39.13 



390. The observations have been extended but little further, north 
or south of the equator. Diflerent observers have arrived at diflerent 
results ; probably on account of their diflerent positioos in relation 
to the level of the sea in which the observations were made. In 
such a work as this, a table of this kind, without pretending to ex- 
treme accuracy, is useful, as showing that theory has been con* 
firmed by observation. 

391. The moving power of a clock is a weight, which, being wound 
up, makes a constant effnrt to descend, ancTis prevented by a small 
appendage of the pendulum, furnished with two teeth,' or projec- 
tions, which the vibrations of the pendulum cause alternately to 
fall between the teeth of a wheel called the escapement-wfaeel. 
The escapement-wheel is thus permitted to turn slowly, one tooth 
at a time, as the pendulum vibrates. If the pendulum with its 
appendage be removed from the clock, the weieht will descend very 
zapicUyf causing all the wheels to revolve witn great velocity, and 
the clock becomes useless as a time-piece. 

392. The moving power of a watch* is a spring, called the main- 
spring, which being tightly wound around a central pin, or axis, its 
elasticity makes a constant eff)rt to loosen. This power is commu- 
nicated to a balance-wheel, acted upon by a hair-spring, and having 
an escapement similar to that of the dock. If the nairnspring, with 
the escapement, be removed, the main-spring, being unreBtraii\ed, 

* A watdh differs from a olook in having a vibrating wheel, instead of u 
pendalam. This wheel is moved hj a spring, ealled the kair'Spring. The 
place of the weight is supplied by another larger spring, oalled the «•< 
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will caoM ihe wheels to revoWe with groat rapidity, ana the wateh, 
also, becomes aseless as a time-piece.* 

WhaiisaBat- /393. The Battebino Rah.— The Battering 
iemtg Ham. "J^Qja was a military engine of great power, 4ised 
to beat down the walls of besieged places. 

Explain 394. Its construction, and the principle on wliich ik 
Hg.59. ^jyj worked, may be understood by inspection of Fig 
58, in which A B represents a large beam, heavily loaded, witL 

Fig. 68. 




a head of iron. A, resembling the head of a ram, from which it 
takes its name. The beam is accurately balanced, and sos- 
pended by a rope or chain 0, hanging from another beam, sup- 
ported by the frame D E F G. At the extreme end B, ropes 
or chains were attached, by which it could be drawn upwards 
through the arc of a circle, like a pendulum. The frame was 
sometimes mounted on wheels. 

395. Battering rams were frequently from fifty to a hundred 
feet in length, and, moving with a force compounded of their 
weight and velocity, were almost irresistible.t 

* As a regulator of motion, the^ pendalum of tho olook is to be length- 
ened or shortened, and the hair-spring of a watoh is to be tightened or 
loosened. This is to be done in the former ease in the manner already 
explained in the text ; in the latter^ by turning what is oalied the regu- 
lator, whioh tightens or loosens the hair-spring. 

t The ram used by Demetrius Polioroetes at the siege of Bhodes va5 
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S96. Tbe feiee of a battering nun is eetimated bj itn mtMseotum', 
that is its weight multiplied by its velocity. 

397. Questions for Solution, 

(1') Suppose a battering ram weighing 5760 lbs., with a Telocity of 11 
feet in a seoond, oould penetrate a waU» with what velooitj mnrt a caO' 
non-ball weighing 24 lbs. move to do the same execution % 

5760 X ^^ = 63360 -i- 24 — 2640 feet, or one half of a mile in a second. 

(2.) If a battering ram hare a momentiim of 68,000 and a reloeity of 8. 
what is its weight 1 ' Ans. 7254 

(3.) If a ram hare a weight of 90,000 and a momentum 81,000, what u 
its v&locity 1 Ans. .9 

(4.) What is the weight of a ram with a velocity of 12 and a momentum 
60,000? Ans. 500a 

(5.) Will a cannon-ball of 9 lbs. and a velocity of 8,000, or a ram with a weight of 
16,000 and a velocity of 2, move with the greater force? Am. The nua 

What is the 398. Thb GraTBENOR.^— The GoveniOT is an 
ovemoT ingenious piece of mechanism, constructed on 
the principle of the centrifugal force, by means of whicli 
the supply of j)ower in machinery is regulated.* 

Explain 399. Fig. 59 represents a governor. A B and 
t^g. oy. ^ Q g^j^g ^^^ levers, or arms, loaded with heavy 

one hundred and six feet long. At the siege of Jerusalem Vespasian em- 
ployed a ram fifty feet long, armed with an iron hutt, with twenty-five pro> 
)eoting points, two feet apart, each as thick as the body of a man. Tbe 
counter weight at the hindmost end amounted to 1076 owt., and 1500 men 
fiQTQ required to work the machine. 
'* This rery useful appendage to machinery, though long used in mills 

.and other mechanical arrangements, owes its happy adaptation to the stean- 
engine to the ingenuity of Mr. James AVatt. 

In manufactures, there is one certain and determinaJke yelodty Wlk 
which tho machinery should be moved, and which, if increased or dimin- 
ished, would render the machine unfit to perform the work it is de8igned4o 

. exeoute. Now, it frequently hapfMns that the resiatanoe is increased isr 
liminisbed by some of the machines which are worked belo|( stopped, or 
others put on. The moving power, having this alio raMon in we resistaiiM, 
would impart a greater or less velocity to the machinery, were it not for 
the regulating power of the governor, which increases or diminishes tbe 

, aupply of water or of ateam, which is ^e moving power. ^ 

I3ut, besides the alteration in the 'resistance just noticed, there is, also^ 
frequently, grei/ter dkanges in the power. Tbe heat by which cteam is 
generated cannot always be perfectly regulated. At times it may affofd »n 
excess, and at other times too little expansive power to the steam. Water, 
also, is subject to ohange of level,* and to eonsequent alteration as a noring 
power. Tl^ wind, too, which impels the sails of a wind-mill, is suhjeofc to- 
great increase and diinlDution. To remedy all these inconveniences is tbe 
duty assigned tu the governor. 
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^^^' hfdlfi %i tbeir extnmitiet B and 0» and 

Bu/speoded by a joiiit At A apon iheMr 
tremity of a reTolying «haft A D. A 
« is /» collar, or aliding box, connscted 
witb thd levers by the roda k m and c «, 
with JQtDts at tibieir extremities. When 
the jAaft A D xevolves rapidly, the cen- 
tri^igal fbroe of the balla B and will 
cause them to diverge in their attempt to 
fly off, and thus raise the collar a, by means 
of the rods b a and e a. On the ooii« 
traiy, when the shaft A D reyolves slowly, the weights B and 
will fall by their own weight, and the rods b a and e a wQl 
cause the collar a to descend. The steam-valve in a steam- 
engine, or the sloice-gate of a water-wheel, being eoimactiQd 
with the coUar a, the supply of Bteam or water, which puts the 
works in motion, is thus regulated. 

Whtd is the ^^^' ^^ Main-spring of a watch consists of a 

Main-spring long ribbon of steel, closely coiled, and contained 
of a witch t jjj ^ round box. It is employed instead g£ % 
wei^t, to keep up the motion. 

401. As the spring, when closely coiled, exerts a stronger force 
than when it is part^ loosened, in order to correct this inequalKjy 
the chain throogh which it acts is wound upon an axis suzrounded 
l)y a spind groove (called sl fusee), gradually increasing in diameter 
&>m w top to the bottom ; so that, in proportion as the strangtii 
of the firing is diminished, it may act on a larger le?er, or a lavger 
wheel and axle. 



Vlg. 80. 



JSxplain 402. Fig. 60 represents a spring coiled in a round box 

%-60. A B is the fiisee, 

surrounded by a spiral groove, 

On which the chain C is wound. 

When the watcli is recently 

wound, the spring is in the 

greatest state of tension, and 

will, therefore, turn the fusee 
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hj the smallest groore, on the prinoiple of tihe wheel and axle. 
As the spring loses its foroe hj being partly unwound, it aetit 
upon the larger oiroles'of the fusee ; and the want of strength 
in the spring is oompensated by the mechanical ud of a larger 
wheel and axle in the larger grooves. By this means the 
spring is made at all times to exert an equal power upon the 
ftisee. Tlie motion is communicated from the fusee by a coggad 
wheel, which turns with the fusee. 

Of what does 403. HYDROSTATICS.* — Hydrostatics treats 
^rostattcs ^^ ^^^ nature, gravity and pressure of fluids. 

^^ " ^bL ^®^* Hydrostatics is generally confined to th« 

tween Ify- consideration of fluids at rest, and Hydraulics to 

drm^ and fl^idg i^ motion. 
Hydrostatics t 

What is a 405. A Fluid is a substance which yields to 

Fluid f ^Q slightest pressure, and the particles of 

which, haying but a slight degree of cohesionj moye easily 
among themselves.f 



* The nibjeots of Hjdraolios and Hydrostatics are sometimes described 
vnder the general name of Hydrodynamics, The three terms are from the 
Greek language, compounded of vdtijQ (hUdor), signifying water, and Svrt^tf 
{dunandt), force or power ; ararixog (staiicot), standing, and uvlog {aulas), a 
htbeorp^. Hence Hydrodynamics would imply, the science which treats 
of the propertiefl and relations of water and other fluids, whether in a state 
of motion or rest ; while the term Hydrostatics would be confined to the 
oonsideration of fluids in a state of rest, and Hydraulics to fluids in motion 
through tubes or channels, natural or artificial. 

t There is this remarkable difierence between bodies in a fluid and 
bodies In a solid form, namely, that every particle of a fluid is perfectly 
independent of every other particle. TEey do not cohere in masses, UItt 
the partides of a solid, nor do they repel one another, as is the case with the 
particles "composing a gas. They can move among one another toitk the 
Uagt degree of frietian^ and, when they press down npon one another in 
virtue of their own weight, the downward pressure is oommunioated m» ok 
directione^ causing a pressure upwards, sideways, and in every possible 
manner. Herein the particles of a fluid diifer from the particles of » solid, 
even when reduced to the most impalpable powder ; and thit it is which eot^- 
etitutes^uidity, namely, the pouter of transmuting pressure in every diree^on^ 
a<uf that^ too, with the least degree ^friction. The particles whioh eomposc 
a fluid must be very much smaller than the finest gr>in of an iupalpaUe 
powder. 



, HYDKucrAaacB* 109 

Bawdpesa ^^' ^ ^™* **f«" ^^^ a fciid in iti 

Upud differ degree of oomiHressibilitj and elasticitj. ilnids 
from aftutd f ^^^ highly oompieasible and elastio. LiqnidSi 
on the contrary, have bat a slight degree either of com* 
pressibility or of elasticity.* 

407. Another diflference between a liquid and a fluid arisM firom 
the propensity which fluids have to expand whenever all external 
pressure is removed. Thus, whenever a portion of air or gaa ia 
zemoved frAi a closed vessel, the remaining portion will, expand, 
and, in a rarer state, will fill the whole vessel. liquids, on the 
contrary, will not expand without a chanee of temperature. liquids, 
also, have- a slight degree of cohesion j in virtue of which the par- 
ticles will form -themselves into drops ; but the particles of fluids 
seem to possess the opposite quality of rnulsion, which causes 
them to expand without limit, unless confined within the bounds of 
some vessel, or restricted within a certain bulk by external pressure. 

408. The fluid form of bodies seems to be in great measure, if 
not wholly, attributed to heat. This subtle aeent insinuates itself 
between the particles of bodies, and forces them asunder. Thus, 
for instance, water diveste<f of its heat becomes ice, which is a 
eolid. In the form of i^fater it is a liquid, having but in a vary 
slight degree the properties either of compressibility or elasticity. 
An additional supply of heat converts it into steam, endowed with 
a Tery great degree both of elasticity and compressibility. But, so 
Boon as steam loses its heat, it is again converted into water. 
Again, the melals become liquid when raised to certain tempera- 
tiues, and it is known that many, and supposed that all, of them 
would be volatilised if the required supply of heat were applied. 



• The eaUbrated experiinent made at Florence, many years a^o, to test 
ttie oompresaibiUty of water, led to the conclosion that water is wholly 
ineompressible. Later experiments have proved that it may be com- 
pressed, and that it also has a slight degree of elastioity. In a voyage to 
tiie West Indies, in the year 1839, an experiment was made, at the sugges- 
tion of the author, with a bottie filled with fresh water from the tanks on 
the deek of the Sea Eagle. It was hermetically sealed, and let down to the 
depth of about seven hundred feet. On drawing it up, the bottle was still 
full, but the water was brackish, proving that the pressure at that great 
depth had forced a portion of the deep salt water into the bottle, previously 
compressing the water in the bottle to make room for it. As it rose to the 
nrfoee, its elastioity restored it to its normal state of density. 

At great depths in the sea the pressuie of the superinovmbent mass 
iosreases the density by compression, and it has been calculated that* at a 
depth of about ninety miles, water would be compressed into one-half of itt 
Tolome, and at a depth of 360 miles its density would be nearly equal to 
that of mercury. Under a pressure of 15,000 lbs. to a square inch, Mr 
Perkins, of Newburyport, subsequently of London, has sh.wn that water k 
rodttoed in bulk one part in twenty-four. 

10 



She flcieooe of <9«<^Qgy teilsl^ jnCcient xMsons for betioriif 
that bXI known subetances were once not only in the 'liquid form, 
4)at also preyiouslj existed in the form of gas.* 

fiaw do fluids 409. GjeLivniATiov ov Fwidb. — Fluids gra^- 
gravitatef tate in a more perfect manner than, solids, on 
account of their want of cohesive attraction. The particles of a 
solid body cohere so strongly that, when tlie centre of gravity 
.is supported, the whole mass will be supportdd. JBtd evary 
foirtide of ajkdd gravitaies independently of evert/ other par- 
tide. 

t;«n, , 410. On account of ihe independent .gravita- 

fiuidsbe tion and want of cohesion of the particles .of * 

moulded into jimd, they oannot be formed into figures, nor pre- 
/*«?»^ * served in heaps. Every particle makes an effort 

to deao6o4> wl to prc^Beirvo what .is oalled the le^-el or eqnir 
Jibrium. 

What is the ^^^' ^^® ^^^^^ ^^ equilibrium of fluids is 
^uiUbrium of the teudencj of the particles so to acKHOge 
^^ ' themselves that every part of ^ the Bur&oe 

shall be equally distant from the centre of the earth ; thtt 
is, from Uie point towards which gravity tends. 

What is the 412. Hence the surface of all fluids, when in a 
^^a^^all ^^ ^^ ^^^ partake the spherical form of the 
^uids? earth. 

413. For the same reason, a fluid immediately confonna itself tp 
.the shape of the vessel in which it is contained. The partioles of a 
•solid foody being united by oofaesive attraction, if any one of them 
•he snpprted It will uphold those also with' which it is ni^ted. 
But, when any particle of a fluid is unsupported, it is attracted 
down to the level of the surface of the fluid ; and the readiness with 
which fluids yield to the slightest pressure will enable the pastaofe* 
1^ its own weight, to penetrate the surface of the fluid, sad mix 
ajntb it. 



* The iOlMiM of Ohemiitry unfolds tbe ftbot that an the great ohanges lo 
4fae eeiiftitutioii ef bediee are aocofflpanied by the exhibition of heat eltliet 
In a free or latent eoudition. 
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l^lkay Attrao- Attraction is that attraction which causet 
Whtt ore Ca- fljoida to.aaeead ahove ihair le^el in oapilhury 
filkTy Tubes ? tubes. CapHlary * tubes are tubes with very 
fiuebore. 

415. This kind of attraction exhibits itself not onlj in tobea. but 
between sorfaces which are very near together. This may be 

beautifully illustrated by the following experiment. Take two 
pieces of oat glass, and, having previously wet them, jieparate their 
edges on one side by a thin strip of wood, card or other materi^U ; 
tie them together, and partly immerse thein perpendiculariy in 
colored water. The water will then rise the highest on that aide 
where the edges of the glass meet, forming a beautiful curve down* 
wards towards the edges which are separated by the card. 

416. Immerse a number of tubes with fine bores in a k|ju98 of 
colored water, and the water will rise above its equilibrium in all, 
but highest in the tube with the finest bore. 

417. The cause of this seems to be nothing more than the ordi- 
nary attraction of the particles of matter for each other. The sides 
of a small orifice are so near* to each other as to attract the particles 
of the fluid on their opposite sides, and, as all attraction is strongest 
m the direotioa of the greatest quantity of matter, the water is 
raised upwards, or in the direction of the length of the tube. On 
the outnde of the tube, the opposite surftbces cannot act on the 
same column of water, and, therefore, the influence of attraction is 
here imperceptible in raising the fluid.- 

418. All porous substances, such as sponge, breed, linen, sngar, 
Ac., may be oonsidered a^ collections of capillary tubes ; and, for 
tbis reason, water and other liquids will rise m them when they af^ 
partly immersed. 

419. It is on tiie same principle that the wick of a lamp will 
eany up the oil to supply the flame, althottgh the flame is several 
inches above the level of the oil.f If the end of a towel happen to 

* The word eapUlary is derived from the Latin word ecgpilla (hair), aad it 
a Belied to this kind of aitraotion beoanM it if esMMted most prominently 
in tabes the banu of which are as fine or a hair, and henee oallM eapillary 
tabes. 

t The reason why. well-rfilled lamps will sometimes fiiil to pwB tight is, 
t^t the wiek is too large for its tabe, and, being thus eompressed, th« 
laipiUftry attaractiou is impeded hy the oompresrion. The remedy is to 
nduoe the sise of the wink. Another eante, also, that prevents a oUar 
tight, is^ that the flame is too faa from the surfaee of the oil. As oapillaiT 
Mtraotion aots only at short dietanoes, the surfaee of the oil rtionld alwa^ni 
be ivithin a short distanee of the flame. But another reason, whioh reqaires 
partioalar attention, is, tha;6 all kinds of oil usually employed for iMn^ 
eoDtain a glutiaona matter, of which no treatmeni oan wholly divo«t th^. 
This matter fills the pores or capillary tub«Mif Uj« wi^*nA- »«•«•■•• tl* 
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be left in a baain of water, it vMl empty the basin of its oontaiits 
On the same principle, when a dry wedge of wood is driven into 
the crevice of a rock, as the rain ^Is upon it, it wijl absorb the 
water, swell, and sometimes split the rocK. • In this manner mill- 
stone quarries are worked in Germany. 
^ 420. Endoshoss and Exosmose. — In addition to the capillary 
attraction just noticed as peculiar to fluids, another may be men- 
tioned, as yet but imperfectly understood , which seems to be due 
partly to capillary and partly to chemical attraction, known under 
the names endosmose and exosmose* These phenomena are mani- 
fested in the transmission of thin fluids, vapor and gaseous matter, 
through membranes and porous substances. The ascent of the sap 
in vegetable, and the absorption of nutritive matter by the organs 
of animal life, are to be ascribed to these causes. 

421. When two liquids of difierent densities are separated by a 
membranous substance or by porcelain unglazed, endosmose will 
carry a current inwards, and exosmose will force one outwards^ thuF 
causing a partial mixture of the fluids. 

422. Bxperimeni, — Take a glass tube, and, tjing a pieoe of bladder or 
elean leather over one end for a bottom, put some sagar into it, and haying 
pqured a little water on the sugar, let it stand a few hours in a tumbler of 
water. It will then be found that the water has risen in the tube through 
the membranous substance. This is due to endosmose. If allowed to stand 
sereral days, the liquid will rise several feet. 

If the, experiment be reversed, and pure water be put into the tube, and 
the moistened sugar into the tumbler, the tube will be emptied bj aeonutt, 

423. The liquid that has the less density will generally pass to the 
denser liquid and dilute it. 

What pecuU-' C^SA. Gratitation of Fluids of diffsbxht 
arity is there Densities. — When solid bodies are placed one 
*iat' n oflhUds *^^^® another, they will remain in the position in 
of different which they are placed so long as their respective 
densities f centres of gravity are supported, without regard 

to their specific gravity. With fluids the case is diflferent 



aaoent of the oil to feed the flame. For this reason, the wicks of lamp! 
should be often renewed. A wiok that has been long standing in a lamp 
will rarely afford a clear and bright light. Another thing to be noticed by 
those who wish the lamp to perform its duty in the best possible manner 
is, that the wick be not of such size as, by its length, as well as its thiekness, 
lo flU the cup, and thereby leave no room for the oil. It most also be 
remembered that, although the wick when first adjusted may be of the 
proper siie, the glutinous matter of the oil, filling its capillary tabes, eaases 
the wiok to swell, and thereby become too large for the tube, producing the 
same difficulty as has already been noticed in cases where the wiek is too 
large to allow the free operation of capillary attraction. 

* Bndosmose, from trdor, m'tAin, and wofioSf ingtuUion, Uxosmoie, tnm 
•Ct MifiMi d, and C0O^«(, impuUiim 
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Ihidfl of diffnre&t speoifie gtmty will smiige tkenaelTW ia 
&e Older of their densitj, each preserring its own eqailibriim. 

425. Thus, if a aaantitj of mercury, water, oil and air, be pol 
into the same Tessel, they will arrange themselyes in the order oi 
their epecific gravity. The mercury will sink to the bottom, the 
water will stand alwye the mercury, the oil above the water, and 
the air above the oil ; and the surfiEu^ of each fluid will partake of 
the spherical form of the earth, to- which they all respectively 
gravitate. 

What is a Spnit ^^^- ^ Water or Spiiit Level is an in- 
l£V€l,ora Water stroment constructed on the principle of the 

equilibriam of fluids. It consists of a glass 
tube, partly filled with water, and closed at both ends. 
When the tube is not perfectly horizontal, — that is, if one 
€fA of the tube be lower than the other, — tho water will 
nm to the lower end. By this means the level of any line 
to which the instrument is applied may be ascertained. 

427. Fig. 61 represents a Water Level A B is a 
j^ gl* glass tube partly filled with water. 
is a bubble of air occupying the 
space not filled by the water. When both 
ends of the tube are on a level, the air-bubble 
will remain in Hie centre of the tube ; but, if either end of the 
tube be depressed, the water will descend and the air-bubbie 
will rise. The glass tube^when used, is generally set in a wooden 
or a brass box. It is an instrument much Used by carpenten 
oasoDs, surveyors, &c. 

[K. B. The tube is generally filled with spirit, instead of water, o« 
tooount of the danger that the water will freeze and burst tiie glass. Henoc 
the instnunent is ealled indiflbrently the Spirit Level or the Water LeveL] 

Wh A f 77- ^^^' EWBCT OF THIS PxOULUR GhAVITATIOII 

fly^ do /etf ^^ Fluids. — Solid bodies gravitate in masses, 
damage than their parts being so connected as to form a 
falUng solids? ^^^^^^ ^^ ^^^^ ^^jg^^ ^^ ^ regarded as 

concentrated in a point, called the centre of gravity ; while each 
10* 
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jf a flaid may bo 0Qotld«redas m sepanta nia», gjemHr 
tating independently. 

It is for this reason that a body of water, in falling, doea 
les6 injury than a solid body of the same weight. Bat, if the 
fritter be ooayerted into ioei the ^j^tick^ losing their fluid form, 
and being united by oohesive attraction, gravitate unitedly in 
x>ne mass. 

^m^nZ 429. Pressure of Fluids. — Fluids not 
press, on ac- only press downwards like Boiidd, but also 
^^^•^hti ^^ upwards, side wise,* and in every direction. 

430. So long s^s the equality of pressure is undiflturbed, ^etj 
particle will remain at rest. If the fluid be disturbed hj agitating 
it, the equality of presaure will be disturbed, and the flmd will not 
rest until the equiliorium is restored. * 

How are the ^^* ^® downward pressure of fioida ift 
downwtwdt UU- shown by making an aperture in the bottom of 
end and up- ^ y^gg^^ ^f yf^Xev. Every particle of the fluid 

iffflvidsshownt above the aperture will run downwards throaj^ 

the opening. 

482. "The lateral pressure is shown by making the aperture 
»t Jlie Bde of the vessel. The fluid will then escape througli 
d^e aperture at the side. 

433. The upward pressure i^ shown by takii^ a gladS tube, 
open at both ends, inserting a cork in one end (or stopping ijt 
with the flnger), and immersing. the other in the water. The 
water will not rise in the tube. But the moment the coxk 13 
taken out (or the flnger removed), the fluid will rise in the tube 
to ^ level with the surrounding water. 

* 

ll'^'^i^ -» ♦ If the particles of flnidB were arranged u 

Fif. e^rregplar columns, as in fig. 62, there wonld J^ 
no lateral pressure ; for when one particle is ^~ 
idicnlarly above the other, it can press 
teiM^ .But, if the particles be arraoi 
. ^.,..- Fig? jjw^wn^e a particle presses beti 
fartiokt beoeoAb, tiiC^^vH mdit sntfer ft Icaercd pressure. In ' 
manner the particles are arranged, if jbhey be globnlar, as is sujmfft.^;.,^— ,,„ 
inut be spaces between them - \8t9 !Pig. I, page 22.] * ' "^'" "" 
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What is the 434. The precumre of a fluid is in propor- 
2(Ai7 of fluid tion to the perpendicular distance from the 
^^^ ' surface ; that is, the deeper (he fluid, the 

greater will be the pressure. This pressure is exerted io 
every direction, so that all the parts ajb the same depUi 
press each other Trith equal force. 

435. A bladder, filled with air, being immwMd in water, will 
be contracted in size, on account of the pressure of the water in all 
directions ; and the deeper it is immersed, the more will it be con- 
tracted.* 

436. An egoaptj bottle, being corked, and, by means of a weight, 
let down to a certain depth in tlie sea, will either be broken by tha 
pressure, or the cork will be driven into it, and the bottle be filled 
with water. This will take place even if the cork be secured with 
-wire and sealed. But a bottle filled with water, or any other liquidi 
nay be let down to any depth without damage, because, in this 
ease, the intenial pressure if) eqoal to the exterw.f 

* The weight of a oubio inch of water at the temperature of 62o of Fah- 
renheU't tbermometer is 3(K)66 miUionths of a pound aroirckipoiB. 7%e 
]9reBsare of a oolumn of water of the height of one foot wMl thorefcNre be 
#vrelve times this qnantitj, or .4328 (making allowance for the repeating 
decimal), and the pressure upon a si^are foot by a oolumn one foot high 
will be found by multiplying this last quantity by 144, the ntimber of 
square inches in a square foot, and is therefore 62.3332. 

HfiBce, at the d^th of 

m. Um. 

1 foot the pressure onftsqnare ineh is ,4328, <m asqvanfoot, 62.S2St 

2 feet 8656, " 2 " feet, 124.6464 

3 « 1.2984, " S «« «• 186.9696 

4 «* 1.7312, «* 4 «« <• 249.2928 

6 « 2.1640, " 6 «« ** S11.6160 

6 «« 2.5968, "6 « ^ 873.9393 

7 «* , • . . 3.0296, « 7 •• « 486.2624 

8 «« 3.4624, " 8 " " 498.5856 

9 *« 3.8952, «* 9 «« ** 560.9088 

10 « • . . 4.3280, •« 10 «« « 623.2390 

100« 43.2800, « 109 « «< 6232.3200 

From this table, the prasaore on a^y siuriSMe at any dap& may easily be 
found. 

It will thus be seen that there is a cei^la limit beyond whieh diven 
qanaot plunge with impunity, nor fishes pf any kind Uve. Wood that has 
been sunk to great depths in the sea will have its pores so, filled with 
water, and its specific gravity so increased, that it will no longer float. 

t "ExperimmU at Sea. — We are indebted to a friend, who hSs jnst arrired 
from Europe, says the Baltimore G^izette, for the following 'exjperimButS 
made on board the Charlemagne. : 

■•* 26th of Se{)tomber. 1836, the w«^er baiog oydw, X oMck^d.w^ppty. 
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437. Quulums for SMvtion, 

(1.) What pressure is sastained by the body of a fish hariDg a surface of 
9 square feet at the depth of 160 feet 1 An». 84186.82 Ih. 

(2.) What is the pressure on a square yard of the banks of a canal, at the 
depth of four feet 1 Ans. 2248.6852 lb. 

(3.) What pressure is exerted on the body of a man, at the depth of 
30 feet, supposing the surface of his body to be 2i[ eg. yd. ? Ans, 42068.16 lb, 

(4.) Suppose a whaicyto be at the depth of 200 feet, and that hU body 
presents a surface of 150 yards. What is the pressure? Ana. 16827264 26. 

(5.) How deep may a glass vessel containing 18 inches (^square surface 
be sunk without being broken, supposing it capable of resisting an equal 
pressure of 1500 lbs.1 An», 192.54y%. + 

(6.) What is the pressure sustained on the sides of a cubical water-tight 
box at the depth of 150 feet below the surface, supposing the box to rest on 
the bed of the sea, and each side to be 8 feet square? Ana. 2991SL8^ Ih. 

(T.*) How deep can a glass vessel be sunk without breaking, su^osing 
that it be capable of resisting a pressure of 200 pounds on a square inch 1 

-4««. 462.1/«L + 
438. The lateral pressure of a fluid proceeds 

yniat causes the entirely from the pressure downwards; or, in 

uUeral pressure */ r 

of fluids J other words^ from the weight of the liquid 

above ; consequentlyi the lower an orifice \a 

made in a vessel containing water or any other liquid, the 

greater will be the force and velocity with which the liquid wifl 

rush out. 

wine-bottle, and tied a piece of linen over the cork ; 1 then sank it into 
the sea six hundred feet ; when drawn immediately up again, the cork waa 
inside, the linen remained as it was placed, and the bottle was filled with 
water. 

** I next made a noose of strong twine around the bottom of tiie oork, 
which I forced into the empty bottle, lashed the twine securely to the neck 
of the bottle, and sank the bottle six hundred feet. Upon drawing it up 
immediately, the cork was found inside, having forced its way by the twine, 
and in so doing had broken itself in two pieces ; the bottle was filled with 
water. 

*<I then made a stopper of white pine, long enough to reach to the bot- 
tom of the bottle; after forcing this stopper into the bottle, I out it off about 
half an inch above the top of Uie bottle, and drove two wedges, of the same 
wood, into the stopper, I sank it six hundred feet, and upon drawing it 
up immediately the stopper remained as I placed it, ahd there was about 
a gill of water in the bottle, which remained unbroken. The water must 
have forced its way through the pores of ^he wooden stopper, although 
wedged as aforesaid ; and had the bottle remained sunk long enough, thero 
is no doubt that it would have been filled with water." [Set also note <m 
page 109.] 

It is the opinion of some philosophers that the pressure at very greal 
depths of the sea is so great that the water is condensed into a solid state; 
and that at or near the centre of the earth, if ihe fluid could extend M 
deeply, this pressure would oonvert the whole into a solid mass of fire. 
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439 Vig.64ni>re8eiitBaT8flMlafwater, wimori- 
f^^ fices at the side at different dia- 

tanoea from the sor&oe. The ^^ 

different cnnres in the figure, described by 
Ihe liquid in running out of the yessel, show 
the action of gravity, and the effects pro- 
duced by the force of the pressure on the 
liquid at different depths. At A the press* 
ure is the least, because there is less weight of fluid abore. 
At B and G the fluid is driyen outwards by the wei|^t of that 
portion above, and the force will be strongest at G. 

What ^ect has 440. As the lateral pressure arises solely 
^ ^'§!i T^ ^^^ ^^ downward pressure, it is not alfoeted 
-body of fluid ^J ^® width nor the* length of the yess^ in 
uipon its lateral which it is contained, but merely by its depth; 
P'^^*'^^^ • for, as every particle acts independently of the 

rest, it is only the column of particles above the orifice that can 
weigh upon and press out the water. 

To what is the 441. The lateral pressure on one side of a 
kaeral^pressure cubical vessel wiU be equal only to half of the 
^^ pressore downwards; far every particle at the 

bottom of a vessel is pressed upon by a column of the whole depth 
of the fluid, while the lateral pressure diminishes from the bottom 
upwards to the surface, where the particles have no pressure. 

What causes the 442. The upward pressure of fluids, although 
upward pressure apparently in opposition to the principles of 
^J "^"' • gravity, is but a necessary consequence of the 

operation of that principle ; or, in other words, the pressure 
upwards^ as weU as the pressure dowmvards^ is caused by gravity. 

443. When water is poured into a vessel with a 
^^^* spout (like a tea-pot, for instance), the water rises in 
the spout to a level with that in the body of the ves- 
sel. The particles of water at the bottom of the vessel are 
pressed upon by the particles above them, and to this pressure 
they will yield, if there is any mode of making way for the 
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partbks abocvie (ketii. ^ As Hiey oa&ftot diflcend ^ ^ 

through the bottom of the Teasel, thejr lyill 
change their direotiott and rise in the spout. 
Fig. 6i represents a tea-pot, and the columns 
of balls represent the particles of water magni- 
fied. From an inspeelaon of the figure, it appears that the pa^ 
ilcle numbered 1, at the bottom, will be pressed laterally by the 
particle numbered 2, and hj this pressure forced into the spoat, 
where, meeting with the particle 8, it presses it upwards, and 
ihis pressure will be continued from 8 to 4, from 4 to 5, and so 
on, till the water in the spout has risen to a lerel with that in 
ihie bodj of the yessel. If water be poured into the spout, the 
water will rise in the same manner in the body of the vessel, 
^^ from whieh it appears that the farce of pressuri 

^^Ffiyidjr^- ^•P""^ entirely en the height, and not tm the 

length or breadth^ of the cdumn of Jhdd. [See 

No. 484] 

444. Any quantity of fluid, however small, 

B^ost^c ^^^ ^ ^^® *^ balance any other quantity, 
Paradoaff however large. This is what is called the Hy- 
drostatic Paradox.* 

Eitplain 445. The principle of what is called the hydro- 
Fig. 66. static paradox is illustrated by the hydrostatic bellows 
represented in Fig. 66, A B is a long tube, one inch square. 
O D E F are the belibws, consisting of two boards, eight iriches 
square^ connected by broad pieces of leather, or india-rubber 
doth, in the manner of a pair of common bellows. One pound 

m 

* A paradox fs Bomeihhig whioh is seemingly absurd, but true in fact. Bat 
in what is called the Hydrostatic Paradox there is in reality no paradox at 
«.ll. 1% is tme that a small quantity of fluid will balance any quantity, 
howerex large, but it is on the same principle as that with whioh the longer 
arm of the lever acts. In order to raise the larger quantity of fluid, the 
«naller quantity must be elevated to a height in proportion as the bulk of 
the larger quantity exceeds the smaller. Thus, to raise 500 lbs. of water 
by t^e descending force of one pound, the latter must descend 500 inches 
while the former is rising one inch ; and hence, what is called the hydro- 
static paradox is in strict conformity with the fundamental prir\ciple of Me- 
^houtia, tb«A')trII»t ii (fi^ed in power ie lost in time, or iu space. 
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4fil«ter poured wtoT the l«betrill sMMtfistjF^ 

^or poa&ds on tke bdlows. If a maUar 

tobe be uiedt the same qoamfcity of water vili 

fill it higher, and, eoneeqcieiiily, will raaee a 
greater weight ; but, if a larger tube be iiaed« 
it will, of course, not fill it so hi^, and, eon- 
seqaently, will not raise se great a weighty 
because it is the height , not the guantiiyitokkh 
causes the pressure. 

The hydrostatic bellows maj be oonstmcted 
in a variety of forms, the simplest of which 
ooQsists, as in the figare,^of two boards conneoted together Vf* 
broad pieces of leather, or india-rubber oloth, in anoh a minniff 
as to allow the upper board to rise and &11 like the eommoa 
bellows. A perpendicular tube is so adjusted to this apfMuratuS 
that watw poured into the tube, passing between the boards, 
will separate them by its upward pressure, even althoa^ lli# 
apper board is loaded with a ooncdderable weighs 

CN. B. A amftU quantity of water mnst be poured ftito the beUowt t6 
Kparate the snrfaoes before they are loaded with the weight.] 

How is the ^^^- ^^ ^^^^^ ^^ pressure exeriiSd on llie bet- 

forceofftres-. lows by the water poured into the tube is esti- 
hidmufl mated by the comparative size of the tube and 
hellaws esti' the bellows. Thus, if the tube be one inch square, 
"*^^' and the top of the bellows twelve inches, thus 

ootttaioing 144 square inches, a pound of water poured into the 
tube will exert a pressure of 144 pounds on the bellows. Now, 
it ^1 be dearly perceived that this pressure is caused by the 
height of the cdbimn of water in the tube. A pound, or a pint, 
of water will fill the tube 144 times as high as the same quantity 
woold fill the bellows. . To raise a weight of 144 pounds on the 
bellows to the height of one inch, it will be necessary to pour 
into the tube as much water as would fill the tube were it 144 

W?ifl/ fundeh ^^^^^ ^®°g- ^^ ^*^^ *^™ ^® perceived that the 
mtUallaw of fundamental principle of the laws of motion is 
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,, , litre also in full force, namely, that what m 

Mtdiama ap- .-'-'■ ^' 

flies also lo gained in poioer is loit either in time or in 
hydrostatic space; for, while tiw irater in the bellows is 
r"^ rising to Uie hei^t of one inch, that in the tnbe 

psBBea oTBr 144 iaches. 

£^biR 447. Another form of apparatus, bj means of 
Fig. 67. which it can be proved that fluids press in proportion 
to their perpendicnlar height, and not their qaantitj, is seen in 
Fig. 67. This apparatus unites simpticity with convenience, 
lustead of two boards, connected with' leather, an iudia-rabber 
bag is placed between two boards, connected bj crossed bars 
with a board below, loaded with weights, and the upper boards 
are made to riee or tall as the water runs into or out of (he 
bag. It is an apparatus easily repaired, and the bag may also 
be used for gas, or for ezperimeuts in Pneumatics. 

A and B are two vessels of unequal size, but of the gams 
length. These maj Bne< 
oes^velj be screwed to 

tie apparatus, and filled " ° 

with water. Weights 
may t|)en be added to 
- the BuBpcDded scale until 
the pressure is couuter- 
balanced. It will than 
be perceived that, al- 
fliough A is ten times 
larger than B, the water 
will stand at the same 
height in both, because 
they are of the tame 
length. If G be used 
instead of A or B, the 
apparatus may be used as the hydrostatic bellows.* 

• If auuk beflUedvithv&ter, and a long pipe ba fitted to It.brpoailaf 
mtir intu tbs pipo it will sieit bo great t preuun m to bant ths ouk. 
la tb« Hina manner ■ mouDtain woald b« rent unnder b; hjdiortaUl 

Etunn, if s dsep oreTius, oommDniuiiitiiig witli a inukU funnt^ Iwlaw, b« 
l«il wIUi water t; tbe mlu 



huli^man- ^^^' HyDBOBMTIC PaKSflTBB USED AB A 
ntrmayhy-. MECHANICAL PowES. — If water be confined 
tnk'l^-"' '" ""y veBoel, uid a preflwre to any amount 
f/c^ <u a be exerted on a sqoare inch of that water, % 
p^^^^ pressnm to an equal amoont will be trans- 
mitted to every square inch of tiie Bur&ce of 
ihe vessel in which the water is confined. 

449. This propert; or flaids seema to invest ni with a power of 
bcreasing the inteDBi^ofa pressure eiett«d by a comparativelr 
BiiutU force, without anj otber limit tbao that of the slreDctb of 
the tnatcrialB of which the engine ilaelf ia conitnioted. It ajju 
enables us nitb great fedlitj to transmit the motion and force of 
one machine to another, in oases where \oca\ eircumstanoes pro- 
elnde the possibility of instituting any ordinary meobanical oon- 
neiioa between the two machines. Thi)& merely by means of 
water-pipes, the force of a machine may be transraitt^ to any dis- 
tance, and over inequalities of ground, or tbroagh any other ob- 
■tmctiont. 

On wia/ wtn- ^^'*- ^* "* *"* ^^ principle of hydrostatic press- 
dfk is Bra- ure that Bramah's hydrostatic press, represented 
waA'i hydro- jq p;- gg jg constructed. The main features of 
ttctic press , . . „ . . 

tuutrtutedf ">'B apparatus are as tollows : a is a narrow, ana . 
fiyAiin I%g. A a large metatlio cylinder, having communi- 
cation one with the other. Water stands in both 
the cylinders. The 

piston S carries a "•■•*■ 

Btrong head F, which 

works in a frame op- j 

pofflle to a similar 
plate R. Between 
(he two platM die 
nibstance W to be 



[n the narrow tube, 
1 is a piaton p, 
worked by a lever 
tbd, its short arm 



122 NATURAL PHILOSOPHY. 

eb driring the piston, while the power is applied at d. The 
pressure exerted by the small piston p on the water at a is 
transmitted with €|qaal force throughout the entire mass of the 
fluid, while the surface ai A presses up the piston S with a 
force proportioned to its area. For instance, if the cylinder a, 
of the force-pump has an area of half an inch, while the great 
cylinder has an area of 200 inches, then the pressure of the 
water in the latter on the piston S will be equal to 400 times 
that on p. 

Next, suppose the arms of the lever to be to each other as 
1 to 50, and that at d, the extremity of the longer arm,, a man 
works with a force of 50 pounds, the piston p will consequently • 
descend oh the water with a force of 2500 pounds. Deducting 
one-fourth for the loss of power caused by the different impedi- 
ments to motion, and one man would still be able to exert a 
force of three-quarters of a million of pounds by means of this 
machine. This press is used in pressing paper, cloth, hay, gan- 
powder, &c. ; also in uprooting trees, testing the strength of 
ropes, &c. 

When will one 

fluid float on 451. A fluid specifically lighter than another 

the surface of fluid will float upon its surface.* 
another fluid? 

[N. B. This is but another vay of stating the law mentioned in Nos. 409 
and 410.] 

452. If an open bottle, filled with any fluid specificallY lighter 
than water, be sunk in water, the lighter fluid will rise nom the 
DOttle, and its place will be supplied with the heavier water. 

WTien will a ^^' '^^^ substance whose specific gravity is 

body rise^ sink greater than any fluid will sink to the bottom of 
%'^Tr* *^ ^ *^** fluid, and a body of the same specific gravity 

with a fluid will neither rise nor fall in the fluid, 
but will remain in whatever portion of the fluid it is placed. 

* The slares in the West Indies, it is said, steal rnm by inserting the 
long neok of -a bottle, full of water, through the top aperture of the mm 
eaak. The water falls out of the bottle into the cask, while the lif^htet 
nua ascends in it0 steadi 
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Bat a body whose specific graTitj is less than tLi^ of a fluid 
wUI float. 

This is the reason why some bodies will sink and others floaty 
and still others neither sink nor float.* 

Em deep will ^^^' ^ ^^J specificaDy lighter than a fluid 
a body sink in will sink in the fluid until it has displaced a por^ 
aflmd? ^Qjj q£ l^j^g ^^^ equal in weight to itself. 

455. If a piece of cork is placed in a vessel of water, about od»* 
third part ot the cork will sink below, and the remainder will stand 
above, the surface of the water ; thereby displacing a portion of 
water equal in bulk to about a third part of the cork, and this 
qnantity of water is equal in weight to the whole of the cork, 
because the specific gravity of water is about three times as great 
as that of cork. 

456. It is on the same principle that boats, ships, &c., although 
composed of materials heavier than water, are made to float. From 
their peculiar shape, they are made to rest lightly on the water. 
The extent of the surface presented to the water counterbalances 
the weight of the materials, and the vessel sinks to such a depth as 
will cause it to displace a portion of water equal in weight to the 
whole weight of the vessel. From a knowledge of the specific 
gravity of water, and the materials of which a vessel is composed, 
rules have been formed by which to estimate the tonnage of vessels ; 
that is to say, the weight which the vessel will sustain without 
sinking. 

standard for ^^^* ^^® standard which has been adopted to 

estimating the estimate the specific gravity of bodies is rain or 

'P^ficgrav distilled water, at the temperature of 60°.t 
tty of bodies J ^ 

* The bodies of birds that frequent the water, or that lire in the water, 
ftre generally much lighter than the fluid in whioh thej move. The 
feathers and down of water-fowl contribute much to their buoyancy, but 
fishes hare the power of dilating and contracting their bodies by means of 
an internal air-vessel, which they can contract or expand at pleuure. 

The reason that the bodies of persons who hare been drowned first sink, 
and, after a number of days, will float, is, thtet when first drowned the air, 
being expelled from the lungs, makes the body specifically heavier than 
water, and it will of course sink ; but, after decomposition has taken place, 
the gases generated within the body distend it, and render it lighter than 
wtiter, and they wUl cause it to rise to the surface. 

t As he'at expands and cold condenses all metals, their specific gravity 
cannot be the same in summer that it is in winter. For this reason, they 
will not serve as a standard to estimate the specific gravity of other bodies 
The reason that dUHlled water is used is, that spring, weU, o/ '»▼;' ^»«' « 
•eUom perfectly pure, ani the varlowi substances wia^ed with n %Bec* lu 
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This is found to be a very conyenient standard, because a 
cubic foot of water at that temperature weighs exacUj one 
thousand ounces. 

458. Taking a certain quantity of rain or distilled water, we find 
that a ipiantity of gold, equal in bulk, will weigh nearly twenty 
times as much as the water ; of leaNl, nearly twelve times as much ; 
while oil, spirit, cork, &c., will weigh less than water.* 



weight. The cause of the ascent of steam or vapor may be found in its 
specific gravity. It may here be stated that rain, snow and hail, are formed 
by the condensation of the particles of vapor in the upper regions of tbe 
atmosphere. Fine, watery particles, coming within the sphere of each 
other^s attraction, unite in the foiin of a drop, which, being heavier than 
the air, falls to the earth. Snow and bail differ from rain only in the 
different degrees of temperature at which the particles unite. When rain, 
suGw, or hail falls, part of it reascends in the form of vapor and forms 
clouds, part is absorbed by the roots of vegetables, and part descends into 
the earth and forms springs. The springs form brooks, rivulets, rivers, 
Ac, and descend to the ocean, where, being again heated hy the sun, tbe 
water, rising in the form of vapor, again forms clouds, and again desoendi 
in rain, snow, hail, Ac. The specific gravity of the watery particles which 
constitute vapor is less than that of the air near the surface of the earth ; 
they will, therefore, ascend until they reach a portion of the atmosphere of 
the same specific gravity with themselves. But the constant acoeseion of 
fresh vapor from the earth, and the loss of heat, cause several particles to 
come within the sphere of each other's attraction, as has been stated above, 
and they unite in the form of a drop, the specific gravity of which being 
greater than that of the atmosphere, it will fall in the form of rain. Water, 
as it descends in rain, snow or hail, is perfectly pure ; but, when it has 
fallen to the earth, it mixes with the various substances through which it 
passes, which gives it a species of flavor, without affecting its transparency. 
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Distilled Water, 

Mercury, 

Sulphuric Acid, 

Nitric Acid, 

Prussio Acid, 

Alcohol (pure). 

Ether, 

Spirits of Tarpentine, 

Essence of Cinnamon, 

Sea Water, 

Milk, 

Wine, 

Olive Oil, 

Naphtha, 

Iodine^ 

Platinum, 

Gold, 

Silver, 

Rhodium* 



Ten^eratwe abovZ 

1. 

13.696 

1.841 

1.220 

.696 

.792 

.715 

.869 

1.010 

1.026 

1.030 

.993 

.915 

.847 

4.946 

22.050 

19.360 

10.500 

11.000 



40° Fahrmhat, 

Palladium, 

Iridium, 

Copper, 

Lead, 

Bismuth, 

Tellurium, 

Antimony, 

Chromium, 

Tungsten, 

Niokel, 

Cobalt, 

Tin, 

Cadmium, 

Zinc, 

Steel, 

Iron, 

Cast-iron, 

ManganefO, 

Sodium, 



11.500 

18.650 
8.850 

11.250 
9.822 
6.240 
6.720 
6.900 

17.500 
8.270 
7.810 
7.293 
8 687 
7.190 
7.820 
7.788 
7.200 
8.013 
972 
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Horn is ihe 450. Tke epeeifio gravity of bodies that will 

'^bof^"^^^ sink in water is ascertained by weighing them 

certained when first in water, and then oat of the water, and 

it ts greater diyidinir the weieht out of the water by the loss 

than that of „ 7^^ . ^® ^ 

jp^g^ 7 -^ of wei^t in water. 



Potassium^ 

Diamond, 

Arsenic, 

Graphite, 

Phosphorus, 

Snlphur, 

Lime, 

Galena, 

Marble, 

White Lead, 

Plaster of Paris, 

Nitrate of Potosh, 

Bmerald, 

Garnet, 

Feldspar, 

Serpentine, 

Alum, 

Topai, 

Bituminons Coal, 

Anthracite, 

Pulverized Charooal, 

Woody Fibre,^ 

Lignum Vit»,' 

Boxwood, 

Beech, 

Ash, 



.875 
3.530 
5.670 
2.500 
1.770 
2.086 
3.150 
7.580 
2.850 
6.730 
2.330 
1.930 
2.700 
3.350 
2.500 
2.470 
1.700 
3.500 
1.250 
1.800 
1.500 
1.500 
1.350 
1.320 
.852 
.845 



BIm, 


.800 


Yew, 


.807 


Apple Tree, 


.733 


Yellow Eir, 


.667 


Cedar, 


.561 


Sassafras, 


.482 


Poplar, 


.383 


Cork Tree, 


.240 


Flint Glass, 


3.330 


Pearls, 


2.750 


Coral, 


2.680 


China-ware, 


2.380 


Porcelain Clay, 


2.210 


Flint, 


8.600 


Granite, 


2.700 


Slate, 


2.825 


Alabaster, 


2.700 


Brass, 


8.300 


Ice, 


.865 


Common Air, 


.001 


Hydrogen Gas, 


.000105 


Liring Men, 
Brandy, 


.891 


.820 


Mahogany, 


1.003 


Chalk, 


1.793 


Carbonic Acid Gas, 


.001527 



By means of this table the weight of any mass of matter can be ascer- 
tained, if we know its cubical contents. A cubic foot of water weighs 
exactly 1000 ounces. If we multiply this by the number annexed to any 
8ubBt%pce in this table, the product will be the weight of a cubic foot of 
that substance. Thus anthracite coal has a specific gravity of 1.800. A 
thousand ounces, multiplied by this sum, produces 1800 ounces, which is 
the weight of a cubic foot of anthracite coal. 

The bulk of any given weight of a substance may also readily be ascer- 
tained by dividing that weight in ounces by the number of ounces there are 
in a cubic foot. The result will be the number of cubic feet. The cube 
root of the number of cubic feet will give the length, depth and breadth, of 
the inside of a square box that will contain it. 

It is to be understood that all substances whose specific gravity is greater 
tiian water will sink when immersed in it, and that all whose specific 
gravity is less than that of water will float in it. Let us, then, take a 
quantity of water which will weigh exactly one pound ; a quantity of the 
substances specified in the table, of the same bulk, will weigh as follows : 



Platinum, 
Fine Gold, 
Mercory, 
Lead, 



23. lbs. 
19.640 « 
14.019 « 
11.525 « 

11* 



Silver, 
Copper, 
Iron, 
Glass, 



11.091 Iba 
9.000 <« 
7.645 « 
3.000 <« 
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scales used for taming the specific gravity ^gl 69. 

finding the of bodies. One scale is 
^^fa^. Shorter auui the oUier, and 

a hook is attached to* the 
bottom of the scale, to which substances 
whose specific gravity is sought may be 
attached and sunk in water. ' 

461. Suppose a cubic inch of gold weighs nineteen ounces when 
weighed out of the water, and but eighteen ounces* when weighed 




Marble, 


2.705 lbs. 


Brandy, 


.820 lbs. 


Chalk, 


1.793 « 


Living Men, 


.891 « 


Coal. 


1.250 «« 


Ash, 


.800 «« 


Mahogany, 


1.063 « 


Beeoh, 


.700 « 


Milk, 


1.Q34 « 


Film, 


.600 « 


Boxwood, 


1.030 " 


Fir, 


.500 « 


Eain Water, 


1.000 •« 


Cork, 


.240 « 


Oil, 


.920 " 


Common Air, . 


.0011 «« 


Ice, 


.908 « 


Hydrogen Gas, 


.000105 " 



A cabio foot of water weighs one thousand avoirdupois ounces. By mol- 
tiplying the number opposite to any substance in the above table by one 
thousand, we obtain the weight of a cubic foot of that substance in ouncei. 
Thus, a cubic foot of platinum is 23,000 oimces in weight. 

In the above table it appears that the specific gravity of living mem k 
about one-ninth less than that of common water. So long, therefore, as 
tiie lungs can be kept free from water, a person, although unacquainted 
with the art of swimming, wUl not completely sink, providwi the hands and 
arms be kept under water. 

The specific gravity of sea-wator is greater than that of the water of 
lakes and rivers, on account of the salt contained in it. On this account, 
the water of lakes and rivers has less buoyancy, and it is more difficult to 
swim in it. 

* The gold will weigh less in the water than out of it, on account of the 
upward pressure of the particles of water,- which in some measure supports 
it, and, by so doing, diminishes its weight. Now, as the upward pressure 
of these particles is exactly sufScient to balance the downward pressure of 
a quantity of water of exactly the same dimensions with the gold, it follows 
that the gold will lose exactly as much of its weight in water as a quantity 
of water of the same dimensions with the gold will weigh. And this rule 
appiRs to all bodies, heavier than water, that are immersed in it. 7\ey 
will lose as much of thdr weight in water as a quantity of water of thar own 
dimensions weighs. All bodies, therefore, of the same sise, lose the same 
quantity of their weight in water. Hence, the specific gravity of a body is ikt 
weight of it compared with that of water. As a body loses a quantity of its 
weight when immersed in water, it follows that when the body is lifted 
from the water that portion of its weight which it had lost will be restored. 
This is the reason that a bucket of water, drawn from a well, is heavier 
when it rises above the surface of the water in the well than it is while it 
remains below the surface. For the same reason our limbs feel heavy in 
leaving a bath 
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in water, the loss in water is one ounce. The weight oat of 
nineteen ounces, being divided hy one (the loss in water), gives 
nineteen. The specific gravity of gold, then, would be nineteen ; 
or, in other words, gold is nineteen times heavier than water. 

How is the ^^^' '^^ specific gravity of a body that will 

cific gravity of ^^^ su^ ^ water is ascertained bj dividing its 

a body Ugluer weight by the sum of its weight added to the 

than water , i» - lj. l- i. -x • • i. v j 

foundt ^^^ ^^ weight which it occasions in a heavy body 

previously balanced in water.^ 

463. If a body lighter than water weighs six ounces, and, on beinj; 
attached to a heavy body, balanced in water, is found to occasion it 
to lose twelve ounces of its weight, its specific gravity is determined 
by dividing its weight (six ounces) by the sum of its weight added 
to the loss of weight it occasions in the heavy body ; naipely, 6 
added to 12, which, in other words, is 6 divided by 18, or -f^^ 
which is J. 

464. Quettiona/or Solution, 

(1.) A body lighter than water oaiued the loss of 10 lbs. to a heavier 
bodj immersed in water. In air the same body weighed 30 lbs. What 
Was its specific gravity 1 

SoJvhon. — 30 lbs., its weight, divided by (30+10=:) 40 (the sum of its ' 
Weight added to the loss of weight which it caused in another body pre- 
▼ionsly balanced in the water). Ans. .76. 

(2>) A body that weighed 15 lbs. in air weighed but 12 in water. What 
was its specific gravity 1 Ana. b. 

(3.) If a cubic foot of water weigh 1000 onuces, what is the weight of an 
•qual bulk of gold 1 / ^ v ! Am, 1887 lb. 8 om. 

(4.) The weight of an equal bulk of lead 1 /' ' r . -" Am. 120 lb. 6 00k 

(5.) The weight of an equal bulk of cork 1 , . Ant. 15 lb. 

* The method of ascertaining the specific gravities of bodies was di«« 
covered accidentally by Archimedes. He had been employed by the King 
^f Syracuse to investigate the metals of a golden crown, which he suspected 
had been adulterated by the workmen. The philosopher labored at the 
problem in vain, till, going one day into the bath, he perceived that the 
water rose in the bath in proportion to the bulk of his body. He instantly 
^roeived that any other substance of equal size would raise the water just 
*B much, though one of equal weight and les» bulk could not produce the 
'^me effect. He then obtained two masses, one of gold and one of silver, 
^aeh equal in weight to the crown, and having filled a vessel very aocu- 
^^\y with water, he first plunged the silver mass into it, and observed the 
quantity of water that flowed over ; he then did tho same with the gold, 
^nd found that a less quantity had passed over than before. Hence he 
inferred that, though of equal weight, the bulk of tho silver was greater 
^au that of the gold, and that the quantity of water displaced was, in each 
experiment, equal to the bulk of the metal. He next made trial with the 
CfowQ, and found that it displaced more water than the gold, and less than 
the silver, which led him to conclude that it was neither pure gold nor 
Piire silver. 
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(6.) The irelghi of an equal bulk of iron t A ^ ^ ^^ Ans. 4 FT Ih. 19 m. 

(7.) What is the weight of a eubio foot of mahogany 1 Ant. Wlb.7o». 

(8.) The weight of a oubic foot of marble 1 Am. 168 2fe. 1 oe. 

' (9.) What is the weight of an iceberg 6 miles long, ^ mile wide, and 
400 feet tbiek 1 -^n^. 949,259,520 tona. 

(10.) What is the weight of a marble statne, tnpposing it to be exactly 
a yard and half of oubic measure 1 Afu. 6S47.08 Uk + 

(11.) If a cubical body of cork ezaotly 9 inches on each side be placed 
in water, how deep will it sink 1 «^«*. 2.16 in. 

(12.) Suppose that 4 boats were made each out of one of the foUowiog ' 
kinds of wood, namely, ash, beech, elm and fir, which would carry the/ 
greatest weight without sinking 1 -A««. That i^f «iai , - 

465. An Hydrometer is an instmment to 
^^omei ^t ascertain the specific gravity of liquids. 
md on what 4gg The hydrometer is constructed on the 
eonstrvctedS principle that the greater the weight of a 
liquid the greater will be its buoyancy. 

How is an hv- ^^^' -^^^ hydrometer is made in a variety of 
drometer con- forms, but it generally comiists of .a hollow ball 
*^"*^^^- of silver, glass, or other material, with a gradu- 

ated scale rising from the upper part. A weight is attached 
Delow the ball. When the iostrument thus constructed is im- 
mersed in a fluid, the specific gravity of the fluid is estimated bj 
the portion of the scale that remains above the surfiice of ihe 
fluid. . The greater the specific gravity of the fluid, the less will 
the scale sink. 

0/ what use ^^' -^^ hydrometer is a very useful instru- 
is the hydromr ment for ascertaining the purity of many articles 
^^ ' in common use. It sinks to a certain determinate 

depth in yarious fluids, and if the fluids be adulterated the hy- 
drometer will expose the cheat. Thus, for instance, the specific 
gravity of sperm oil is less than that of whale oil, and of course 
has less buoyancy. If, therefore, the hj^drometer does not sink 
to the proper mark of sperm oil, it will at once be seen that the 
article is not pure. 

Of what does *^^' HYDRAULICS. — Hydraulics treats of 
Hydraulics fluids in motion, and the instruments by which 

their motion is guided or controlled. 
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470, This branch of HydrodynaiiiicB deaeribflB the effects of 
liqaids issuing from pipes and tubes, orifices or apertures, the 
motion of riFers and canals, and the forces developed in the 
action of fluids with solids. 

471. The quantity of a liquid discharged in a 
of a U^^h^Kl 8»v^ *™*® through a pipe or orifioe is equal to a 
be discharged column of the liquid having for its base the orifice 

from an orifice ^j. ^q area of the bore of the pipe, and a height 
or ptpe of a r ir f o 

given size ? equal to the space through which the liquid would 

pass in the given time. 

472. Hence, when a fluid issues from an orifice in a vessel, it is 
discharged with the greatest rapidity when the vessel from which it 
flows is kept constantly fall.* This is a necessarv consequence of 
the law that pressure is proportioned to the height of the column 
above. 

Trom what orifice 473. When a fluid snouts from several Qrifices 

im/7 aflmd spout m the side of a vessel, it is thrown with the 

to the greatest greatest random from the orifice nearest to the 

instance f centre. 

474. A vessel filled with any liquid will discharge a greater 
qoanlity of the liauid through an orifice to which a short pipe of 
peculiar shape is fitted, than through an orifioe of the same size 
without a pipe. 

This is caused by the cross-Kmrrents made by the rushine of the 
water from diflerent directions towards the sharp-edged orifice. 
The ])ip6 smooths the passage of the liquid. But, if the pipe pro- 
ject into the vessel, the quantity discharged will be diminished, 
mstead* of increased, by the pipe. 

475. The quantity of a fluid discharged through a pipe or an 
orifice is increased by heating the liquid ; because heat diminishes 
the cohesion of the particles, which exists, to a certain degree, in 
all liquids. 

476. Water, in its motion, is retarded by the 

a currerU of ^^^^^^'^ ^^ *^® bottom and sides of the channel 
water flows through which it passes. For this reason, the 
mo^ rapidly^ ^.velocity of the surface of a running stream is 

always greater than that of any other part. 

* The veloeitj with which a liquid issues from an infinitely small orifioe 
in the hottom or sides of a vessel that is. kept full is equal to that which a 
heavy body would acquire by falling from the level of the surface to the 
level of the orifice. — \Brandt.\ 
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477. In oonseqaenoe of the firictum of the hanks and beds of 

rivers, and the nameroos obstacles they meet in their diddtoos 
courso, their progress is slow. If it were not for these impediments, 
the velocity which the waters woold acquire would prodace verr dis- 
astrous consequences.* An inclination of three inches in a mue, in 
the bed of a river, will give the euizent a velocity of about three 
miles an hour. 

478. To measure the Teloci^ of a stream at its snr&ce, hollow 
floating bodies are used ; as, for example, a ^ass bottle filled with 
a sufficient quantity of vmter to make it sink^ust below the level of 
the current, and having a small flag projectmg from the cork. A 
wheel may also be caused to revolve by the current strikipg against 
boards projecting from the circumference of the wheel, and the 
rapidity of the current may be estimated by the number of the rev* 
olutions in a given time. 

'' How may the 479. The velocity of a current of water at any 

«!;^? J-L; port'- of it« d«P* -»J ^ „,. ». 

depth be ascer- ascertained by immersing in 

ittinedf jt ^ bent tube, shaped like a 

tunnel at the end which is immersed. 

480. Fig. 70 is a tube shaped like a 
tunnel, with the larger end immersed in an 
opposite direction to the current. The 
rapidity of the current is estimated by the 
height to which the water is forced into the 
tube, above the surface of the current. By 
such an instrument the comparative velocity 
of different streams, or the same stream at different times, may 
be estimated. 

How are waves 481. Waves are caused, first, 1)y tjie friction 
caused? between air and water, and secondly, and on a 

much grander scale, by the attraction of the sun and moon 
exerted on the surface of the ocean, producing the phenomena 
of the tides. 

482. The contriving hand of a benevolent Creator is seen more 
clearly in nothing, than in the law6 and operations of the mate- 
rial world. Were it not for the almost ceaseless motion of the water 
the ocean itself would become a putrid mass. Decayed and decay* 

* See what is stated with regard to friotion in Nob. 373 and 374. 




i^g Jtntlm would be oonitantlj emitting pntileiiti&l Tapon, -poaciar 
ing the fktmORphere, uid sprMding oont&gion and death to everj 
breatbing iDhabitant of the earth. The "oeoselesa notion" mina 
np the poisoaooB ingndientB, and prevtnts their floating on tha 
■orlkce." 

483. The eqmlilniiun of a fluid, according to recent dieeoTerie*, 
cannot be disturbed bj WKTea to a greater depth than about three 
hnndred and 6ftj times the altitude of the wave. 

484. When oil ia poored en the windward side of a pond, the 
whole surbce will become smooth. The oil protects the water from 
the Motion of the wind or air. It ie said that boats have l)eeii pm- 
serred in-a ruing snrf, in consequence of the sailon baring emptied 
• barrel of oil on the wst«r. 

Tin-. .1 4S^- The instramentfl or machines for 
W/ua are the 

jnindpal hy- raising or drawing water are the common 
^^c insiru- pujup^ (J^g forcing-pump, the chain-pomp, Ota 
Mnet t siphon, the hjdiaulic ram, and the screw of 

Archimedes. 

[Tha aommon pmnp uiil th« roning-piuiip will b« Kf' n. 

iiati«<il Id donnsiion with Pnenmatica, u thsii operft- 
Uoa ia dependent upon prinoiplei eiptained in tlut 
daputment of Philonophj. The fire-engine ii nothing 
mora than a double foning-pninp, and will ba notioed in 
Ua Mma sqnuexion.] 

486. The Chain-pump is 
JP?* '"* **? a machine by which the water 
is lined through a hox or 
•ihannel, by boards fitted to the channel 
and attached to a chain. It has been used 
principally <m board of ships. 

487. Fig. 71 repreeents a Obain- 
fi^jl pump. Itccnaista of a square box 
through which a anmber of square 
boards or buckets, cooaected by a chain, is 
made to pas. The chain passes over the wheel 
and under the wheel' H, which is under 
water. The buckets ate made to fit the box, 

■The BndnlaUoni of large bbdiai of water haTe alio prodaoed material 
•hangea on the face of (he globe, pnrpoaal; deaigned ij CreatlTs WUdon 
working b7 aecoudar; oanaea, the niei of irhlolk «e deioribed in (ba Hiano* 

a flMiogr. 
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00 as to move witii little fiiction. The npper wheel C is turned 
by * ennk (oot repieeented in tlie Fig.), which canseB the ehain 
with the buckets att&ehed to pass throng the box. Each 
bucket, as it enters the box, lifts vp the water above it, and 
disdiargefl it at the top. 

488. The screw of Andumedee is a ma- 
fiw %■ Jr- "'""^ ^* ** *"'* ''^^ invented by the phi- 
oUm&bi .' losopher Archimedes, fer TsiBiDg water aad 

droning the lands of Egypt, aboat two hun- 
dred years before the Ghriatian era. 

Fig. 72 repro- 
■^P^'" sents the screw of 
' Archimedes. A 
■ingle tube, or two tubes, 
are wonnd in the form of 
a screw around a shaft or 
cjlbidv, supported by the , 
pn^ and the pivot A, and i 
turned by the handle n. i 

As the end of the tube dips into the water, it is filled with die 
fluid, which is forced up the tube by every anccesuve revolution, 
until it is disdiarged at the upper end. 

489. The Siphon is a tube bent in &e form 
What it the of the letter U, <me side being a little longer 
*^P*^' than the other, to c<»t^ a longer column 

of the fluid. 
490. Fig. 73 represents a Siphon. A "<■"■ 
f^^ uphon is used by filling it with water or 
some other fluid, then stopping both ends, 
and in this state immerang the iliOTter leg or ride 
into a vessel containing a liqnid. The ends being then 
unstopped, the liquid nitl ran through the siphon 
until the vessel is emptied. In performing this experi- 
ment, ike end of the tip/um to^wA it out of the water 
iiiut aiwayi be leUao the turface of the water 
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■w.±^ immr «x ji^mi^ »i mi ^k 

vsal it is abore tlie bend of th« aipboiii 
01 tke dnrter I^ v&idi op»s into tKe ciip« and mna oul 
at tiie loBLfi cad, vhiek piom tin batton. 

4^ Fi^ 74 i q piaacnto tbe eop witb iba aipb<m4 
die igaie of tbe man being omitted, in order tbat the 
poBtiflB of tbe apboo may be seoi. 

495. Thb Hybraulio Ram f is mi iugo* 
f nious machine, ooostrttoted for tho purpoiia 
of raising water bj moazm of its own im- 
pulse or momentum. 

* Tantaliu, in Heathen mythology, is repronntod »l th« ytotlm of per* 
petwd thirst, although placed up to the ohin In a pool of water | tuf^ M iiooa 
as he attempts to stoop to drink, the water flows away ttmw bis tfrt^sp I 
henoe our English word ttmtaliz9 takes Its origin. In Uie toy deNailbea 
sboTB, the siphon carries the water away before It reftohes the inuuib of ilst 
ilgiire. 

t The Hydraulic Kam, sometimes called by lU Freneh name, miw Uf 

12 
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4d6. Ln the oonstmetioa of an h jdraolio ram, there mnsi be, 
in the first place, a spring or reservoir elevated at least four or 
five feet above the horizontal level of the machine."^ 

Secondly , a pipe most conduct the water from the reservoir 
to the machine with a descent at least as great as one inch for 
every six feet of its length. 

Thirdly, . a channel must be provided by which the superfia- 
ous water may run ofif. 

497. The ram itself consists of a pipe having two apertures, 
both guarded by valves of sufficient gravity to &11 by their own 
weight, one of which opens downwards, the other opening up- 
wards into an air-tight chamber. An air-vessel is generally 
attached to the chamber, for the purpose of causing a steady 
stream to flow from the chamber, through another pipe, to the 
desired point where the water is to be discharged. 

Explain the toTi- ^^^' ^^S* "^^ represents the hydraulic ram. 
struction of the A B represents the tube, or body of the ram, 
^^r""^5 ^°^ having two apertures, C and D, both guarded by 

valves ; C opening downwards, D opening up- 

drauliqve^m its present form, waa inyented by Montgolfier, of Montpelier. 
An instrument or machine of a similar construction had been previooslj 
constructed by Mr. Whitehunt', at Chester, but much less perfect in iti 
mode of action, as it ^required to be opened and shut by the hand by 
means of a stop-cock. Montgolfier*s machine, on the contrary, is set in 
motion by the action of the water itself. 

* Such an eleration may easily be obtained in any brook or stream of 
running water by a dam at the upper part of the stream, to form a reser- 
voir. It has been calculated that for erery foot of fall in the pipe numing 
from the reseryoir to the ram sufficient power will be obtained to raise 
about a sixth part of the water to the height of ten feet. With a Hall 0f only 
four ieet and a half, sixty-three hundred gallons of water have been raised 
to the height of one hundred and thirty-four feet. But, the higher the res- 
ervoir, the greater the force with which the hydraulic ram will act. The ope 
ration of the principle by which the hydraulic ram acts is familiar to those 
who obtain water for domestic purposes by means of pipes from an elevated 
reservoir, as is the case in many of our large cities. A sudden stoppage of 
the flow, by turning the cock too quickly, causes a jarring of the pipes, which 
IS distinctly perceived, and often loudly heard all over the building. This 
is due to the sudden change from a state of rapid motion to a state of rest. 
The inertia of the fluid, or its resistance to a change from a state of rapid mo* 
tion to a state of rest, a property which it possesses in common with all other 
kinds of matter, explains the cause of the violent jarring of the pipes, the 
stopping of which arrests the motion of the fluid ; and the violence, whioh 
IB in exact proportion to the momentum of the fluid, is sometimes io great 
J» tc» burst the pipes 
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mrdsiOadbodi&Uiiigbj thdrom weig^L Letumoim 
AeyalveCtobeopenandDshBt. The water, deaoeDding throogfa 
the tdie A B with e, force proportioiiate to the hught of tlM 



nseiToir, forces up the valve C and closes the upettore, thai 
*nddenlj arresting the current, and oaiuing, by its reaction, a 
presenre throoghoat the whole length of the pipe ; this pressure 
icrces np the valve D, and ca)|ffcs a portion of the water to enter 
the chamber above D. Th4 current having thus spent its ibrce, 
iJie valve G immediately falls by its own weight, by which 
■aeana the current is again permitted to flow towards the ape> 
tare C. The pressure at D thereby being removed, that valve 
immediately fiills, and closes the aperttire. When this takes 
place, everything is in the same state in. which it was at first. 
The water again begins to flow throogh the aperture at C, again 
clo^ng that valve, and again opening D ; and the same effects are 
repeated at intervals of time, which, for the same ram, undergo 
bat little variation. 

The water being thus forced into tiie chamber E, as it cannot 
letnm through the valve D, it mmt proceed upwards through 
the pipe '6, and is thus carried to any d^red point of dis- 
aharge. An air-vessel is frequently attached to the chamber 
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of the ram, which porfonna the same office as it does in fha 

tarcing-pnmp, namely, to canse a Bteadj stream to flow from 

the pipe G-. The action, both of the ram and the forcing-pmop, 

without the ttir-Teseel, would be spasmodic* 

B-.-n™ Snrj-n-. 499. SpEiNoa AKD BiTETLEis. — SpriDfrs and 
aovi ere mpmtgs r tr 

and EivuUls Rivulets are formed by the water from rain, 

formed. snow, &c., which penetrates the earth, and 

descends until it meets & substance which it cannot penetrate. 
A reservoir is then formed by the onion of amall streams nnder 
ground, and the water continues to accumulate ontil it finds tn 
outlet. 



Fig. 76 represeata a vertioal section of the cmet of the eariL 
a, c, and e are strata, either porous, or full of cracks, which per* 
mit the water to flow through, while b, d and /, are imperviona 
to the water. Now, according to the laws of hjdrostatics, Uu 
water at b will descend and form a natural spring at g : at i it 
wUI run with considerable force, forming a natural jet ; and at 
I, p and g, artesian wells may be dug, in which the water will 
rise to the respective heights g h,pk, and I m, the water not 

* * Ths ■tmpltolt; aod eeatxismj of thig mode of niiing iratsr likT« niued 
it to be qnitc eitenalvolj adopled in tbs Northern Stutea. When well aon- 
■tranted, an hjdranlia rem will l&it for ^eftis, inTolTing no ulditloul 
trouble and aipenee, mora tbaa Dcoulooall; loHtbering. (he ralvcs when 
Uiej have been too maoh worn b; friotion. The origin of the niini' will b* 
rsadilj peroeiied from the mode of iCa action. 

" £t potum putas age, Titjre et inter ugendum, 
Ooeanare mpre, carnm/mt iHt, eavBto." — Virg. Bncolta 9,T. U 
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bdng allowed to oome in oontaot with tlie poTow wjl tbion^ 
wUoh the bore is mnde, bat being brought in pipes to the wuv 
&ce; at » the water will asoend to aboat o, and there will ba 
BO tbnnttun. [Diia explains, also, the numner iii vhich water i- 
obtained by digging wells. 

Bow high >Ma 5**- ■*■ "V^ig -«^ n«a n*"!? «" W>. ^^ 
the vnUer of a cannot rise higher than the leserroii from 
tpmgTiat* whence it issues. 

eviction pieTents the water from rising quite as high as the reser- 
voir. 

Touihathdght 501, Water maj be oonve^ over bills and val- ■ 
may water be leys in bent pipes and tubes, or through natural 
eokvtyed in passages, to anj height whioh is not greater than 
tubes' the level of the reseryoir from whence it flows. 



502. The ancient Romans, ignorant of this propertj of flaida, 
constructed vast aqueducts across yallejs, at great eipenae, to con- 
yej water over them. The modems e%ct the same object by means 
of wooden, metallic, or stone pipes. 

503. Fonntaing are formed by water carried 
t^j ^m«i^ throi^h natoral or artificial docts from a reaer- 
- voir. The water wOl spont from the duets to 
dearly Ute h^ght of the surface of the. reservoir. 

504. In Fig. 76 a fountain is represented at s, 
Explain the issuing from the reservoir, the height of whioh is 
y^T^R represented by a c. The jet at i will rise uearl,v 

505. A simple method of makiog an artificial **- "■ 

ibantain may be understood by Fig, 77, A 
glass siphon a ! c is immersed in » veasel of . 
water, and the air being exhausted from the 
siphon, a jet will be produced at a, proportioned 
to the fineness of the bore and the length of the 
tube. 

[N. B. Tba fona of thia klad of srtiSdal Jst is ia 
■ gnat DUatnts depsodiDt od a pnmuuaUa prindpla.} 
12« \> 
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506. Hero's Fountain. — The hydranlio instrument ealled 
Hero's Fountain is an apparatus for projecting water hj means 
of the pressure of confined air. 
-Fig. 78 represents Hero's Fountain. It consists of two ves- 
sels, both air-tight, and communicating by a 
pipe, which, being inserted into the top of the 
lower vessel, reaches nearly to the top of the 
upper vessel, which is in two parts, the upper 
part being filled with water, which descends in 
a pipe seen on the right ,in the figure to the 
lower vessel, and, as it fills the lower vessel, 
condenses the air, forcing it up through the left- 
hand pipe, and causing, it to press on the sur- 
face of the water in the lower part of Uie upper 
vessel. The water in the upper vessel is thus 
forced through the central pipe in a jet, to a 
height nearly as great as the length of the pipe on the ri^t 
The supply of water is furnished in the upper part of the upper 
vessel, which may always be kept full by any external supply. 

507. Mechanical Agency of Fluids.— 

Water becomes a mechanical agent of great 

power by means of its weight, its momentum 

and its fluidity. 

It is used as the moving power of presses, to raise portioM of 
itself, and to propel or turn wheels of difierent constractions, 
which, being connected with machinery of various kinds, form 
mills and other engines, capable of exerting great force. 

WhatisPneur 608. PNEUMATICS. — Pneumatics treats of 

matics? ^Q mechanical properties and efiects of air 

and similar fluids, called elastic fluids and gases, or aeriforni 

fluids. 

What is meant 509. Aeriform fluids are those which have the 

fluid? ^^^^ of air. Many of them are invisible,* or 



How does water 
become a me- 
chanical agent? 



* Gases are all inrisible, except when colored, which happens on]/ in * 
i«w instances. 



139 

nearij bo, and all of them perfonn yery inportant operaiioiiB in 

the material world. But, notirithstanding that they are in 
most instances imperceptible to our sight, thej are really 
material, and possess all Uie essential properties of matter. 
They possess, also, in an eminent de^ee, all the properties 
which have been ascribed to liquids in gmeral, besides others 
by which thay are distinguished from liquids. 

What is the ^^^' -^^^^^^ fluids are divided into two classes, 

difference be- namely, permanent gases and vapors. The gases 
ttDeenapermar cannot be converted into the liquid state by any 
a vapor 7 hnown process of art ;*but the vapors are readDy 

reduced to the liquid form either by pressure or 
diminution of temperature. There is, however, no essential dif- 
ference between the rnef^anicdl properties of both classes of fluids. 

Vfhatsub'ed ^^' ^ *^® *^' which we breathe, and which 
ore embraced surrounds us, is the most &miliar of all this class 
mth^ sdence of bodies, it is generally selected as the subject 
'of Pneumatics. But it must be premised that 
the same lawSy properties and effects, which belong to air, belong 
in common, also, to all aeriform fluids or gaseous bodies. 

il2. There are two principal properties of air. 
What are the Bamely , gravity and elasticity. These are called 
two priiicipal the principal properties of this class of bodies, 

ar^aw/o/Acr ^®<^^® *^®J ^^® *^® means by which their pres- 
gaseous bodies? ence and mechanical agency are especially ex- 
hibited. 
What degree £13. Although the aeriform fluids all have 
^co^udat- ^eight^ they appear to possess no cohesive at- 

gaseousbodiest traction. 

• 

514. The great degree of elasticity possessed by aU aeriform 
fluids, renders them susceptible of compression and expansion to an 
ahuost unlimited extent. The repulsion of their particles causes 
ihem to expand, while within certain limits they are easily com- 

♦ Carbonic acid gaa forms an exception to thi» remarlr. Water also is 
the tmion of oxygen and hydrogen gas. 
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pnned. This afttonall^ aieete the state of dimaity and noHf 

qiiider which thej are at times exhibited.* 

What la ^^^' ^* ™^y ^®^^ ^® stated, that all the laws 

pertain to airi- ^^^ properties of liquids (which have been de- 
form bodies in scribed »under the heads of Hydrostatics . and 
gmer . Hydraulics) belong also to aeriform fluids. 

The chemical properties of both liquids and fluids beloug pecn- 
fiarly to the science of Chemistry, and are not, therefore, considered 
in this volume. 

What is the ^^^* ^^® ^^ which We breathe is an elastic 
edrwhichwe fluid, surrounding the earth, and extending 

to an indefinite distance above its surface, and 
constantly decreasing upwards in density. 

„- . ' 517. It has already been stated that the air 

Where tsthe , _ «,ii , ., « 

atr in its most ^^^ ^he surface of the earth bears the weight of 

condensed that which is above it. Being compressed, there- 

«Av'^' * ^^^^* ^^ *^® weight of that above it, it must exist 

in a condensed form near th^ surface of the 
earth, while in the upper regions of the atmosphere, where 
there is no pressure, it is highly rarefied. This condensation, 
or pressure, is very similar to that of water at great depths in 
the sea.t 

518. As the air diminishes in density upwards, it follows 
that it must be more rare upon a hill than on a plain. In very 
elevated situations it is so rare that it is scarcely fit for respir- 
ation or breathing, and the expansion which takes place in the 
more dense air contained within the body is often painful. It 



* The terms " rarefaction ** and " condenaationy** and •* ^^^^ " *^d ** com 
denatd" must be oiearly understood in tiiis connexion. Ijiey are applied 
respectively te the expansion and compression of a body. 

t The air is necessary to animal and vegetable life, and to combustion. 
It is a very heterogeneous mixture, being filled witii vapors of all kinds* 
It consists, however, of two principal ingredients, called oxygen Mid 
nitrogen, or azote ; gf the former of whioh there are twenty-one partB| 
flSid of the latter sOTonty-nine, in a hundred. The air is not visible;, be- 
cause it 1b perfectly transparent. It may be fdt when it moves in Uu wtm 
of wind, or Dy swinging the hand rapidly baokwarda and forwards. 
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oeeuions distension, and sometimes oanses the ImistiBgy of tke 

smailer blood-yessels in the nose and ears. Besides, in saeh 
situations we are more exposed both to heat and eold; for, 
though the atmosphere is itself tvao^areiit, its lower regions 
abound with yapors and exhalations from the earth, which float 
in it, and act in some degree as a oovenng, whioh preserves vm 
equally from the intensity of the sun's rajs and from the 
seyeritj of the cold. 

519. Besides the two principal properties, grayity *and elasticity, 
the operations of which produce most of the phenomena of Pnea- 
matics, it will be recollected that as air, although an inyisible is 
yet a material substance, possessing all the common properties of 
matter, it possesses also the common property <^ inq>enetrabUity, 
This will be illustrated by experiments. 

Where is the ^^^* ^^ pressure of the atmoi^here caused 

pressure of the by its weight is exerted on all substances, inter- 
Whaivressur ^^^^ *^^ externally, and it is a necessary conse- 
<io€s a man of quence of its fluidity. The body of a man of 
c^^n Stat- common stature has a surfece of about 2000 
from the square inches, whence the pressure, at 15 pounds 

^gJu of the per square inch, will be 80,000 pounds. The 
reason why this immense weight is not felt is, 
that the air within the body and its pores counterbalances the 
weight of the external air. When the external pressure is arti- 
ficially remoyed from any part, it is immediately felt by the 
Waction of the internal air. 

Wbai efF 1 ^^^* ^^^ insinuates itself between the particles 

kas heat upon of bodies and forces them asunder, in opposition 
°f and other to the attraction of cohesion and of grayity ; it 
•^ ' therefore exerts its power against both the attrac- 
Uon of grayitation and the attraction of cohesion. But, as the 
Attraction of cohesion does not exist in aeriform fluids, the 
expansiye power of heat upon them has nothing to contend with 

* It has been computed that the weight of the whole atmosphere is equal 
io that of a ^obe of load lUty mUes in diameter, or to flye thousand 
kUUoQg of tons. 
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but gravity. Any increase of temperature, therefore, expands 
an elastic fluid prodigiously, and a diminution of heat con- 
denses it. 

.--, ^ . , 522.* A column of air, having a base an inch 

What ts the - ,. . ., f p ^. . 

weight of a square, and reaching to the top or the atmo- 

column of air sphere, weighs about fifteen^ pounds. This press- 

Ts^^n^t '^®' ^^ ^® pressure of liquids, is exerted 

equally in all directions. 

What is meant 523. The elasticity of air and other aeriform 

by the elasticity fl^ic[s is that property by wlach they are in- 
of air and , j» • • i j • . • j- 

other aeriform ^^^sed or dimmished in extension, aocording as 

fluids f they are compressed. 

What effect ^^^' ^^^ property exists in a much greater 

has an increase degree in air and other similar fluids than in any 

or a dttmnu' q^^j. substance. In fact, it has no known limit ; 

tton of pressure ' 

upon an a'eri- for, when the pressure is removed from any por^ 

firm body? ^[^g^ ^f ^jj.^ {^ immediately expands to such a 
degree that the smallest quantity will diffuse itself over an 
indefinitely large space. And, on the contrary, when the press* 
ure is increased, it will be compressed into indefinitely small 
dimensions. 

What is Ma- 525. The elasticity or pressure of air and 
rioite's Law? ^\\ gases is in direct proportion to their dens- 
ity ; or, what is the same thing, inversely proportional to 
the space which the fliuid occupies. This law, which was 
discovered by Mariotte, is called ^^ Mariotte's Imw" 
This law may perhaps be better expressed in the following 
language ; namely, the density of an elastic fluid is w 
direQt proportion to the pressure which it sustains. 

How does air 526. Air becomes a mechanib&l agenii by 
become a me- ^ *. ••!_.•. i i^« •• '^ • 

chanical means of its weight, its elasticity, its inertia, 

agent? and its fluidity. 

With what ^^'^' The fluidity of jur irmeatt », as it invest 

jMKoer doet all other liquids, vo^h xhk power qf trans Ttitting 
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paixty invest pressure. But it has already been ahowiiy under 
'•^ - the head of Hydrostatics, that fluidity is a oeeee- 

sarj coDsequence of the independent gravitation of the particles 
of a fluid. It may, therefore, be included among the effects of 

weight. 

528. The iqertia of air is ^exhibited in the resistanee which it 
opposes to motion, which has already been noticed under the head 
of Mechanics.* This is clearly seen in its eflects npon falling 
bodies, as will be exemplified in the experiments with the air-pump. 

4 

What is a 529. A Vacuum is a space from which air 

Vacuum f ^^^^ every other substance have been removed. 

„„ . , 630. The Torricellian vacuum was discovered 

What is the 

most perfect ^7 Torricelli, and was obtaihed in the following 

vacuum thiu manner : A tube, closed at one end, and about 
tmnedt thirty-two inches long, was filled with mercury; 

the open end was then covered with the finger, so 
88 to prevent the escape of the mercury, an({ the tube inverted 
and plunged into a vessel of mercury. The finger was then 
removed, and the mercury permitted to run out of the tube. It 
was found, however, that the mercury still remained in the tube 
to the height of about thirty inches, leaving a vacuum at the 
top of about twb indies. This vacuum, called from the did- 
coverer the Torricellian vacuum, is the most perfect that has 
been discovered.t 

* The fly, as it is called, in the mechanism of a dock by which the hours 
ue strnek, is an instance of the application of the inertia of the air in 
Mechanics. 

t Torrioelll'was a papil of the celelSlrated Galileo. The Grand Duke of 
' Tiueany having had a deep well dug, Uie workmen found that the water 
would rise no higher than tiiirty-two feet. Galileo was applied to for an 
explanation of the reason without success. Torrioelli conceived the idea of 
Eabstituting mercury for water, arguing that if it was the pressure of the 
Atmosphere that would raise the water in the pump to the height of thirty- 
two feet, that it would sustain a column of mercury only one-fourteenth as 
high, or thirty incnes only, on account of its greater specific gravity. He 
therefore determined to test it by experiment. He accordingly filled a 
>m&U glass tube, ttbont four feet long, with mercury, and, stopping the 
open end with his finger, he inverted . it into a basin of mercury. On 
removing his finger, the mercury immediately descended in the tube, and 
stood at the height of about thirty inches ; thus demonstrating the fact 
tb** it was the pressure of the air on the surface of the mercury in the one 
OMe, and of the water in the other, that sustained the column of mercury 
Va the tube, and of the water in the pump. - 
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631. A« this 18 one of the meet importaiit ^Bmoveries ef the 

Qoience of Paeomatics, it is thought to be deserriDe of a labored 
explanation. The whole phenomenon is the result of the equilibrium 
of fluids. The atmosphere, pressing by its weight (fifteen poaodt 
on every square inch) on the surface of the marcuiy in the vessel, 
counterpoised the column of mercury in the tube when it was about 
thirty inches high, showing thereby that a column of the atmo- 
sphere is equal in weight to a oolonm of mercury of the same base, 
having a height of thirty inches. Any inc^rease or diminution in 
the density of the air produces a corresponding alteration in its 
weight, and, consequently, in its ability to sustain a longer or a 
shorter column of mercury. Had water been used instead of me^ 
0ury, it w^ould have required a height of about thirty-three feet to 
counterpoise the weight of the atmospheric column. Other finids 
may be used, but the perpendicular height of the column of any 
fluid, to counterpoise the weight of the 'atmosphere, must be as 
much greater than that of mercury as the specific gravity of metcaij 
exceeds that of the fluid employed. 

532. This discovery of Tomcelli led to the construction of the 
barometer,* for it was reasoned that if it was the weight of the 
atmosphere which sustained the column of mercury, that on asoend- 
ing any eminence the column of mercury would descend in pro- 
portion to the elevation. 

What is a Ba- ^38. The Barometer is an instrument to 
rometer? measure the weight of the atmosphere, and 

thereby to indicate the variations of the weather.f 

534. Fig. 83 represents a barometer. It jj- ^ 
T^ 'jq consists of a long glass tube, about thirty- 
three inches in length, closed at the upper 
end, and filled with mercury. The tube is then in- 
verted in a cup or leather bag of mercury, on which 
the pressure of the atmosphere is exerted. As the 
tube is closed at the top, it is evident that the mercury 
cannot descend in the tube without producing a vacuum. 
The pressure of the atmosphere (which is capable of 
supporting a column of mercury of about thirty inches 
in height) prevents the descent of the mercury ; and 

* Among those to whom the world is indebted for the inyention of th» 
Barometer, and its applications in science, may be mentioned the saanes of 
Descartes, Pascal, Morienne and Boyle. The original idea is due to Torrid 
selli's experiment. 

t The word barometer is from the Greek, and slgSiifies '< a nutuun of iki 
meighi,** that is, of the atmosphere. 
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&4 {BBtnunent, thus ooiutniatod, beooinet tu impkaieiit fiir 
■Bcertainiag the weight of the *tiii08|Aere. As the ur wies 
in weight or presBore, it must, of oooTBe, infloenee the mercuiy 
in the tabe, which will rise or &11 in axaot proportion with tlw 
pressore. When the air is thin and Jight, the preasnre is less, 
snd the mereory will deocead ; and, when the air is dense and 
heavy, the mercniy will rise.* At the side of lite tube there 
is a Boale, marked inches and tenths of an inch, to note the rise 
and &11 of the mercury. 

&S5. The barometer, as thus constmcted, only required tha 
addition of an index and a weather-glass, as seen |^_ ^ 
in Fig. 80, to give a, fair and true aanonuccment 
of die state and weight of the atmosphere. The 
instrnmenla are now manufactured in several dif- 
ferent forms. The different forms of the barometer 
in general osa are the common Mercurial Barom- 
eter,'the Diagonal, and the Wheel Barometer, all 
of which are conatructed with a column of mer- 
enry. The Aneroid or Portable Barometer is a 
new instrument, in which confined air is substi- 
taled for mercury. This is a convenient form of 
the instmment for portable purposes. But the 
principle is the same in all, and repeated observa- 
tions during the ascent of the loftiest mountains 
in Europe and America have confirmed the truth 
of barometrical announcements; for, by its indi- 
cations, the respective heights of the acclivities in 
hig^ regions can now be ascertained by means of 
this instrument better than by any other course, 
— with this advantage, too, that no proportionate 
height need be known to ascertain the altitude.t 
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On hatvft - *^^« ^^ pressure of the atmosphere on the 
dple is the ha- meroury, in the bag or cup of a barometer, being 
remeter con- exerted on the principle of the equilibrium, of 
fluids, must vary according to the situation in 
which the barometer is placed. For this reason, it will be the 
greatec:t in yalleys and low situations, and least on the top of 
high mountains. Hence the barometer is ofien used to ascer- 
tain the height of mountains and other places above the level of 
the sea.- 

When is the ^^^' ^® ^^^ ^^ *^® heaviest in dry weather, 
atmosphere and consequently the mercury will then rise 
heaviest f highest In wet weather the dampness renders 

wiU readily be seen that a oolumn of anj other fluid will answer as well ai 
meroury, provided the tube be extended in an inverse proportion to the 
speoifio gravity of the fluid. But meroury is the most convenient, beoansa 
it requires the shortest tube. 
' In navigation the barometer has become an important element of 

giidanoe, and a most interesting incident is recounted by Captain Basil 
all, indicative of its value in the opeif sea. While cruising off the coast 
of South America, in the Medusa frigate, one day, when within the tropics, 
the commander of a brig in company was dining with him. After dinner, 
the Conversation turned on the natural phenomena of the region, when 
Captain Hallos attention was accidentally directed to the barometer in the 
state-room where they were seated, and, to his surprise, he observed .it to 
evince violent and frequerrt alteration. His experience told him to expect 
bad weather, and he mentioned it to his friend. His companion, however, 
only laughed, for the day was splendid in the extreme, the sun was ■hining 
with its utmost brilliance, and not a cloud specked the deep-blue sky 
above. But Captain Hall was too uneasy to be satisfied with bare appear- 
ances. He hurried his friend to his ship, and gave immediate directions 
for shortening the top hamper of the frigate as speedily as pqpsible. His 
lieutenants and the men looked at him in mute surprise, and one or two of 
the former ventured to suggest the inutility of the proceeding. The cap- 
tain, however, persevered. The sails were furled, the top-masts were 
atmck { in short, everything that could oppose the wind was made as 
mng as possible. His friend, on the contrary, stood in under every sail. 

The wisdom of Captain Hairs proceedings was, however, speedily evi- 
dent ; just, indeed, as he was beginning tcHdoubt the accuracy of his 
instrument. ^For hardly had the necessary preparations been made, and 
while his eye was ranging over the vessel to see if his instructions had 
been obeyed, a dark, hazy hue was seen to rise in the horizon, a leaden 
tint rapidly overspread the sullen waves, and one of the most tremendous 
hurricanes burst upon the vessels that ever seaman encountered on his 
ocean Home. The sails of the brig were immediately torn to ribbons, her 
masts went by the board, and she was left a complete wreck on the tem- 
pestuous surf which raged around her, while the frigate was driven wildly 
along at a furious rate, and had to scud under bare poles across the wide 
Pacific, full three thousand miles, before it could be said that she wf^ in 
■afetv &om the bla^t 
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the air less salnbrioos, and it appears, tlierefere, more heavj 
Hien, although it is, in &ct, maeh lighter. 

A^ what time ^^^- ^® greatest depression of the barometer 
of the day is occurs daily at about four o'clock, both in the mom- 

and hwest ^^^ ^^^ ^ ^® afternoon ; and itshi^est eteratioD 
state of the at about ten o*clock, morning and night In sum 
barometer f j^^j. j^q^q extreme points are readied an hour or 
two earlier in the morning, and as mudi later in the aftemooii* 

589. Kales have been proposed by which the changes of the 
weather may be predicted by means of the barometer. Hence 
the graduated edge of the iDstnunent is marked with the words 
'^rain^'' ''fair,'' ''changeable.'' "frost," Ac. These expressions 
are predicated on the assumption that the chanees of the weather 
may oorrectlY be predicted by the absolate hei^t of the mercury. 
But on this little reliance can be placed. The best authorities a^ree 
that it is rather the diange in the height on which the predications 
must be m&de. 

540. As the barometer is mnch nsed at the present day, it has 
been thought expedient to subjoin a few general and special rules, 
firom different authorities, by which some knowledge of the uses of 
the instrument may be acquired. 

Ml. General Rules by which Chamgee of the Weather may be prognoeti' 

cated by means of the Barometer.* 

(1.) Gknerally the rising of the meieury indioatef the »pproMh of fair 
weather. 

(2.) In snltry weather the fall of the meroury indioatea ooming thunder. 
In winter the rise of the merenry indicates frost. In frost, its £all indioatea 
thaw, and its rise indicates snow. 

(3.) Whatever change of weather suddenly follows a change in the 
haromeier, may be expected to last but a short time. Thus, if fair weather 
follow immediately the rise of the mercury, there will be very little of it, 
and, in the same way, if foul weather follow the fall of the mercury, it will 
last but a short time. 

(4.) If fair weather continue for several days, during whioh the merqury 
continually falls, along succession of foul weatiier will probably ensue; and 
again, if foul weather continue for several days, while the mercury oon- 
tiinually rises, a long succession of fair weather will probably succeed. 

(5.) A fluctuating and unsettled state in the mercnrialjsolaDm indicates 
ehangeable weather. — Lardner,page 76) Pneumatics. 

S4SL Special Rules by wfdch we may know Ifts Changes of the Weather by 

means of the Barometer, \ 

(1.) The barometer is highest of all during a long frosty and it generally 
rises with a north-west wind. 

* These rules, says Dr. Lardner, from whose work they are extracted* 
may to some extent be relied upon, but they are snbjectt to some unoer« 
tainty. 

t TheM mlet are from a different autbozit^t 
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(2.) The barometer 1b lowest of »ll daring a thaw whioh follows a long 
frost, and it generally falls with a soutii or east wind. 

(3.) While the mercury in the barometer stands above 30°, the air mast 
>je very dry or very cold, or perhaps both, and no rain may be expected. 

(4.) Vnien the mercury stands v'ery low indeed, there wUl never be much 
fain,Vilthoagh a fine day will seldom occur at such times. 

(5.) In Rummer, after a long continuance of fair weather, the barometer 
irill fall gnidaally for two %r three days before rain falls ; but, if the fi^ 
of the mercury be very sudden, a thunder-storm may be expected. 

(6.WWhen the sky is cloudless and seems to promise fair weather, if the 
baromeier is low, the face of the sky will soon be suddenly overcast. 

(7.) Dark, dense clouds will pass over without rain when the barometer 
is high ; but if tiie barometer be low it will often rain without any appear- 
ance of clouds. 

(8.) The hi|^her the mercury, the greater probability of fair weather. 

(9.) When the mercury is in a rising state, fine weather is at hand ; tmt 
when the mercury is in a falling state, foul weather is near. 

(10.) In frosty weather, if snow falls, the mercury generally nam to 
SO \ where it remains so long as the snow continues to fall ; if after this the 
weather clears up, very severe cold weather may be expected. 

It wfU be observed that the barometer varies more in winter than ia 
summer. It is at the highest in May and August; then in June, March, 
September and April. It ia the lowest in November and February; then ia 
October, July, December and January. 

[These rules are from Dr. Brewer's work called <* The Science of Familiar 
Things."] 

543. Of thb Different States of the BIhoxeter. ^-^Cf the Fall of ik§ 
Barometer, — In very hot weather the fall of the Barometer indicates than- 
der. Otherwise, the sudden fall of the barometer leads to the expectation 
of high wind. 

In frosty weather the fall of the barometer denotes a thaw. 

If wet weather follow soon after the fall of the barometejr, but little of 
such weather may be expected. 

In wet weather,, if the barometer fklls, expect much wet. 

In fair weather, if the barometer falls and remains low, expect much wet 
in a few days, and probably wind. 

The barometer sinks lowest of all for wind and rain together; next to 
that for wind, except it be an east or north-east wind. 

544. Of the Rise of the Barometer, — In winter the rise of the barometer 
presages frost. 

In frosty weather, the rise of the barometer presages snow. 

If fair weather happens soon after the rise of the barometer, expect but 
little of it. 

In wet weather, if the mercury rises high and remains so, expect continued 
fine weather in a day or two. 

In wot weathSr, if the mercury rises suddenly very high, fine weather 
will not last long. 

The barometer rises highest of all for north and west winds; for all other 
winds, it sinks. 

645. The Barometer m an Unsettled Siaie. — If .the motion of the meroaiy 
be unsettled, expect unsettled weather. 
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(f it stuid at " ihikA nn," ftnd riu to"ct«inUi," aipait fair iraatbar 

If it Maud ftt "far," ud fidl la " duagiMf," cipeit foul woftttaerl 
Its motioa opwaida indiutfi ths ■ppnwch of fins weathar ; iu boUiU 
danoiraTd iDdiuCct the approaoli of-foiii iTMChat 

What is the ^^^- ^^^ THEOMoiiETER. — The Ther- 
Thtrmometer, mometer * IS aB instrameiit to indicate the t6m- 
prindpk is it perature of the atmoephere. It is constructed 
eoiuiruciedJ OD the principle that heat expands and cold 
contracts most substances. 

547. The thermometer coasists of a capillarj tube, closed at 
thetop and termiaating downirards in a buib. It is filled with 
mercury, which expands and fills the whole length of the tube or 
contraota altogether into the bolb, according to the degree of 
heat or cold to which it is ezpoBed. Any other fluid may be 
nsed which is expanded by heat and oontrscted by cOld, ijistead 
■ of mercury. ^^ si. 

34S. On the side of the thermometer is a scale to 
indicate the rise and fall of the meroury, and conse- 
quently the temperature of the weather. 
What tcaU it ^^- There are several different scales 
adopted for the applied to the thermometer, of which those 
^^^^^^ of Fahrenheit, Soaumur, Delisle and Cel- 
iry t una, are the principal. The thermometer 

in common use in this country is graduated by Fahren- 
heit's scale, which, commencing with 0, or zero, extends 
upwards to 212 degrees, the boiling point of water, and 
downwards to 20 or 30 degrees. The scales of Bean- 
mur and Celsius fix zero at the freezing point of water ; 
and that of Delisle at the boiling point. 

What a the 550. TflS HrGBOMBTBR.. — The HjgTOm- 
Bygnmeier f g^^ ig j,n instrument for showing iJie degree 
of moisture in the atmosphere. 

• TlwwDrd "Thrrmomrttr" ii from tba Qraak, una m*»nl "amtatv 
rf tta>." " HutTtrmetB " makna " a bumwi ffl' rmttm. 

13» 
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Howisitconr 551. The hygrometer maybe oonsti 
ttruftedf any material whioh dryness or moisture 
or contracts ; such as most kinds of wood, catgat, 
the beard of wild oats,.&o. It b sometimes also compc 
scale balanced by weights on one side, and a sponge, 
substance which readily imbibes moisture, on the other^ 

552. By the action of the sun's heat upon the surfs 
earth, whether land or water, immense quantities of vapoi 
into the atmosphere, supplying materials for idl the wat 
deposited again in the various forms of dew, fog, rain, 
hail. Experiments have been made to show the quantity 
ure thus raised from the ground by the heat of the sun. 
son found that an acre of ground, apparently dry and ~ 
the sun, dispersed into the air sixteen hundred gallons 
the space of twelve hours. His experiment was thus mad^ 
a jglass, mouth downwards, on a grass-'plot, on which il 
ramed for above a month. In less than two minutes the X 
covered with vapor ; and in half an hour drops began to tri« 
its inside. The mouth of the glass was 20 square inch( 
are 1296 square inches in a square yard, and 4840 squi 
an acre. When the glass had stood a quarter of an hour, 
it with a piece of muslin, the weight of which had been ^ 
ascertained. When the glass had been wiped dry, he again ! 
the muslin, and found that its weight had increased sis f 
the water collected from 20 square inches of earth ; a quani 
to 1600 gallons, from an acre, in 12 hours. Another e: 
after rain had fallen, gave a much lareer quantity. 

553. When the atmosphere is colder than the earth, 
which arises from the ground, or a body of water, is condei 
becomes visible. This is the way that fog is produced, 
earth is colder than the atmosphere, the moisture in the atm( 
condenses in the form of dew, on the eround, or other su 
Clouds are nothing more than vapor condensed by the cold ol 
upper regions of the atmosphere. Rain is produced by the sm 
cooling of lar^ quantities of watery vapor. Snow and hail 
produced in a similar manner, and difler irom rain only in tiie 
gree of cold which produces them. 

What is the 554. ThB DiVER'S BelL OR DlVING-BELL. 

Diving-hell, — The Diving-bell is a large vessel shaped like 

and on what . x j vi ^ • f . i 

principle is it ^^ mverted goblet, in wnicn a person may 
constructed? safely descend to great depths in the water. 
It is constructed on the principle of the impenetrability of 
air. 



906. It has already been itated that air, being a mAterial mb- 
atance, poaseases all the given essential properties of matter, and 
UDuag them the prupert; of impeDetrability, The weight of tha 
&iT giving it a presaure ineverj direction, or the pToperty uf SuidiCj, 
it penetrates and fiUs all thii^ aruund ua, umesB by mechaniad 
means it be carefullj excluded. An open vesBe!, of wbateTer kind, 
is always full either of air or of soma other salMtance, and unleii 
the air is first permitted to escape no other subetanoe can take tlia 
place of the air. 

556. If a tumbler be inverted and immersed in water, the water 
will not riee in the tumbler, beoause the air in the tumbler fills it. 
(f the tumbler be inclined so as.to let the air ascend in obedienoe to 
the laws of the equilibrium of fluids, the water will rush in and dis- 
place the air, while the lighter air, ascending, riaea to the surface of 
the water. If this eiperiment b»inadc with a buttle, the air will 
rise in bubbles with a gurgling auund. The same experiment may be 
made with a tub^cluaed at one end by the fiuger ; the water will not 
enter the tube uadl b^ the removal ol the fin^r the air be permitted 
,to eacape. It is on this principle that the diving-bell ia conatructed. 

557. Fie. 82 represents a. "' "■ 

Explain the con- ... , „ ^^^ K . „ 
ttruction of the aiving-bell. It cODBiata of a 
diein^^ll by large heavy veasel, formed 
^" ■ like a bell [but may be made 

of any other shape), with the mouth open. It 
descends into the water with its moutli down- 
wards. The air within it having no outlet, 
it is compelled by the order of specific grar* 
ities to ascend in the bell, and thus (as water 
and air cannot occupy the same space at Ae 
same time) prevents the wat«r from rising 
in the bell. A person, therefore, may de- 
scend with wfety in the bell to a great depth 
in ttke sea,andthua recover valuable articles 
that have been lost. A constant supply of 
ftesh air is sent down, either by means of 
barrels, or by a forcing-pump. In the Fig. 
B represents the bell with the diver in it. G is a bent metal- 
lic tube attached to one side and reaching the air within; and 
P is the forcing-pump through which air ia forced into the bell. 
The forcing-pump ia attached to the tube by a joint at D. When 
Uie bell desoMidB to & great depth, the pressure of the water 
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How is water 
raised in a com- 
numjmmp? 
How high may 
water be raised 



Hg. 83. 




condenses the air witJim the bell, and causes the water to astond 
in the bell. Hiis is forced oat bj constant accessions of fresh 
air, supplied as above mentioned. Great care must be taken 
that a constant m^lj of fresh air is sent down, otherwise the 
lives of those wit|Pn the bell will be endangered. The heated 
and impure air is allowed to escape through a stop-cock in the 
upper part of the bell. 

"'SSS. The Common Water Pump.— 
Water is raised in the common pump by 
means of the pressure of the atmosphere 
on the surface of the water. A vacuum 
by a canmum being produced by raising ♦the piston or 
^^^^* pump-box,* the water below is 

forced up by the atmospheric pressure, on the 
principle of the equilibrium of fluids. On this 
principle the water can be raised only to the 
height of about thirty-three feet, because the 
pressure of the atmosphere will sustain a column 
of water of that height only. 

559. Fig. 83 represents the common 
jS^^Q pump, improperly called the sucking- 
pump. The body consists of a large tube, 
or pipe, the lower end of which is immersed in the 
water which it is designed to raise. P is the piston, 
y a valve t in the piston, which, opening upwards, 
admits the water to rise through it, but prevents its 
return. Y is a similar valve in the body of the 

* In order to produce snch a T%caiiin, it is necessary that the piston or 
box should be aoourately fitted to the bore of the pump ; for, if the air 
abore the piston has any means of rushing in to fill the raouum, as it !> 
produced by the raising of the piston, the water will not asoend. The pis- 
ton is generally worked by a lever, which is the handle of the pump, not 
represented in the figure. 

t A yalre is a lid, or coyer, so contrived as to open a communieation in 
one way and cfose it in the other. Valves are made in different ways, 
according to the use for Yrhieh they are intended. In the common pump 
they are generally mafie of tUoI^ leather partly covered with wood. In 
the air-pump they ara made of oiled silk, or thin leather softened with 
oil. The clapper of i pair of b^^lows is a familiar specimen of a valva. 
Tit» t«1tm of a DumD we oommo&Q^ called boan». 
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pnB^ below ihe, piston. When the pump k not in acticn, the 
valrea are doeecL hjr th^ own weight ; but when the piston is 
raised it draws-iqi the oohmm of water which rested npon it, 
produoing .lb vacdnm between the piston and the lower yalve Y. 
The water below immediatelj rashes through the lower ralye 
and fills the Vacaom. When the piston descends a second time, 
the water in the body of the pomp passes through the valre 
y, and on the ascent of the piston is lifted up by the piston, * 
and a yacnom is. again formed below, which is immediately 
filled by the wat^. mshing through the lower yalye Y. Ih 
this manner the body of the pump is filled with water, until it 
reaches the spout S, where it runs out in an uninterrupted stream* 

560. In the description here ^yen of the common pump, as 
well as in the figurci it will be obseryed that the common form 
of the handle of the pump is not noticed. The handle of the pump 
is merely a leyer of the first kind ; the fulcrum is the pin which 
attaches it to the pump, and the iron rod connected with the 
upper yalye of the pump is raised or depressed by means of the 
handle. 

561. Although water can be raised by the atmospheric pressure 
only to the height of thirty-three feet above the surface, the com- 
moa pump is so constructed that after the pressure of the atmos- 
phere has forced the water through the valve in the body of the 
pump, and the descent of the piston has forced it through the valve- 
m the piston, it is Ufted up, when the piston is raised. For this 
reason, this pump is sometimes called the lifting pun^p. The dis- 
tance of the upper valve from the surface ot the water must never 
exceed thirty-two feet ; and in practice it must be much less. 

„ , , 662. The Forcing-pump. The Forcing- 

How does the ,.«. /. ^i . 

Forcing-pump V^^V differs iTom the common pump m 

differ from the haying a forcing power added, to raise the 

commonpump? ^ ^ -i . i i . i^ 

water to any desired height. 

563. Fig. 84 represents the forcing-pump. The 

7^ 84 ^^7 ^^'^ lower yalve V are similar to those in the 

common pump. The piston P has no yalve, but is 

solid; when, therefore, the vacuum is produced above the 
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loira valve, the iratw, on the desocBt 
of tlie piaton, is forced tlirongfa the tabe 
into die reBerroir or air-vessel B, vLvn 
it oompreeBen the ur aJxive it. Tha air, 
by its elastidty, forces the water out 
throng the jet J in a oontjnned stream, 
and with great force. It ia on this prii^ 
tuple that fire-engines are constmcted. 

Sometimes a pipe widi a valve in it is 
sdbatitated for the air-veesel ; the watM 
is then thrown out in a contuiaed stream, 
bnt not with so maoh force. 

564. Ths FmB-ENOiNH oonaists of two forcing- 
Fi^-enpi pumps, worked successively by the elevation and 

constTwtedf depression of two long levers of the second kind, 
called " Brakes." 




'565. The Air-pump. — The Air-pmnp is 
Air-pump, ami * """Jhine constructed on the principle of die 
on mhai priTi- elasticity of the air, for the purpose of ex- 
g^^uiedf haasting the air from a vessel prepared for 

the purpose. This vessel is called a receiver, 
and ia made of glass, in order that the effects of the remov^ 
of the air may be seen. 

066. Air-pnmpB are made in a great variety of forms ; bnt all 
•K 4i)u*tnictad on the ptinciple that, when any portion of omiDftod 
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ur ifl removed, the residtie,imioed]aielj expanding, by ito elMtieity 

fills the space occupied by the portion that has been 




P ' lain the ^^^' ^^^* ^ repreBODts a Bingle4)arrel air» 

Oructitm of the piiinp> used both for oondeoBing and oxhaastiiigi 
mr-funm by A D is the stand or platform of the instra- 
^' ment, which is screwed down to the table by 

means of a clamp, underneath, 
which is not represented in the 
figore. B is the glass vessel, 
or bulbed receiver, from which 
the air is to be exhausted. P 
is a solid piston, accurately fit- 
ted to the bore of the cylinder, 
and H the handle by whidi it 
is moved. The dotted line T 
represents the communication 
between the receiver R and the 
barrel B ; it is a tube through 

which the air, entering at the opening I, on the plate of the 
pump, passes into the barrel through the exhausting valve a T. 
T is the condensing valve, communicating with the barrel B 
by means of an aperture near b, and opening outwards-throu^ 
the condensing pipe p. 

Explain the oih ^^^' ^^ ^^P^^^w^^lf ^^i"«^P*'^/<'^^^"'^* 
eration of me The piston P being drawn upwards by the*han- 
mr-jnm^ by ^^ g, the air in the receiver R, expanding by 
^' ' its elasticity, passes by the aperture I through 

the tube T, and through ihe exhausting valve b v^ into the bar- 
rel. On the descent of the piston, the air cannot return through 
that valve, because the valve opens upuxirds only : it must, 
therefore, pass through the aperture by the side of the valvo, 
and through the condensing valve o v, into the pipe J9, where it 
passes out into the open air. It cannot return through the con- 
denang valve o v, because that valve opens outwards only. By 
continuing this operation, every ascent and descent of the piston 
P must render the air within the receiver K more and more 
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rare, until its elastic power is exhausted. The reoeiyer is ihtti 
said to be exhausted; and, althon^ it still contains a small 
quantity of air, yet it is in so rare a state that the space within 
die reoeiyer is considered a vacuum. 

569. From this statement it will appear that a perfect Tacamn 
can never be obtained bj the tur-pump as at present oonstmcted. 
Bat so much of the air within a receiver may be ezhansted that the 
residue will be reduced to such a degree of rarity as to subserre 
most of the practical purposes of a vacuum. The nearest approach 
made to a perfect vacuum is the famous experiment of Torricelli, 
which has been explained in No. 530. That would be a perfect 
vacuum, were there not vapor rising from the mercury. 

* 570. From the explanation which has been 
^7be c^Xi«^ Siven of the operation of this air-pump, it will 
by means of the readily be seen that, by removing the receiver 

£^^^^-J^5wf ^' *"^ screwing any vessel to the pipe p^ the 

air may be condensed in the vessel. Thus the 
pump is made to exhaust or to condense, without alteration. 

What is a conr ^*^^' Air-pumps in general are not adapted 
densing syr- for condensation; that office being performed by 
***^* an instrument called ^^ a condensing syringe^ 

which is an avr^pump reversedy its valves being so arranged as 
to force air into a chamber ^ instead of drawing it out. For 
this purpose, the valves open inwards in respect to the chamber, 
while in air-pumps they open outwards. 

572. A guage, constructed on the principle of the barometer, is 
sometimes adjusted to the air-pump, for the purpose of exhibiting 
the degree of exhaustion. 

How does thB ^*^^* ^® double air-pump differs from the 
doMe air-pump single air-pump, in having two barrels and two 
differ from the pistons ; which, instead of being moved by the 

hand, are worked by means of a toothed wheeL 
playing in notches of the piston-rods. 

Fig. 87 represents an -air-^ump of a diflerent construction. 
In this pump the piston is stationary, while motion is given to the 
barrel by means or the lever H. The barrel is kept m a proper 
position by means of polished steel guides. 



674. Bj means of the aJr-pump manj interMting exiwiiinenta 
m&y be performed, UluBtraUng the gTavitj, elastioitj, fliiidit;r, u>d 
inertia of sir. 
/ 575. EmsimNTa Illditratiko trb GRATtTr of An. — Having 
ndjiiet«d the receiver to the plate of the air-pump, exhenit the air 
and the receiver will be beld firmly on the plBte. The force vhioh 
ooDfinea it it notbing more than the weight of the external air 
which, haTinK no iatemol presHure to contend with, preBses with a 
force of nearlj fifteen pomida on cTerj square inch of the external 
mrface of the receiver. 

576. The exact amomit of presenre depends on the degree of ez- 
haustioD, being at its maximum of fifteen ponndi when there ia a 
perfect vacuum. On readmitting the air, the receiver maj be readily 
temoved.* , 

577. The Maqdebubgh Ccfs, ok Hnn- 

^^'if" BPHBLiS—Fig. 88 representa the Magdebuigh 

' C^ps.an^wAaf . Caps, or Hemispheres. They consist of two hoi- 

Jo they illus- ]g„ brass cups, the edges of which are icoa- 

ralol; fitted together. They each have a handle, 

• Th« air i» reidmitted into the reoniTBr bj turninB » •orewirhiob islp- 
MrtMl iota thB raoeirer, in whiob tb«rs is an spertiUB, tbroufh Whtoh (b* 
aatsmal mt ruhci witli omuidBmble fuioB. 
14 
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to one of whieh a etop-cock is fitted. The Btop- 
oock, bong attached to one of the oape, is to b« 
screwed to the pkte of the air-pump, and left 
open. Having joined the other cup to that on 
the pump, exhaust the air &om within them, 
turn the stop-coclc to prevent ita reSdmission, 
and screw the handle that had been removed to 
the stop-cock. Two persons ma; then attempt 
to draw the cups asunder. It will be found that 
great power is required to separate them ; bat, 
on readmitting the tur between them,.b7 taming 
the cock, the; will fall asunder bj their own 
WQ^t. When the air is exhausted from within them, the press- 
ure of the snrrounding air upon the outside keeps them united. 
This pressure being equal to a pressure of fifteen pounds on arery 
square inch of the sur&ce, it follows that the larger the copS; 
or hemispheres, the more difficult it will be to separate them. 




•uuoted two hemispheres which, whoa tt 



togetber bj a force of about thcee-fourtbs of a ton. Fig. 89 
I the manner in which such an ezperimoot ma; be tried. 

What prindpk 579. ThbHinmlabb.— Fig. 
does the Hand- 90 is nothing more than a tam- 




gltus illusinUe. 



bier, open at both ends, with 



the top and bottom ground smooth, so as to fit 
the brass plate of the sir-pump. Placing it 
i^n the plate, cover it closely with the palm 
of the hand, and work the pump, ^e air 
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withia the glass being thus ezhaustod, the hand will be pressed 
down bj the weight of the air above it : on readmitting tiie air* 
the hand maj be easily removed. 

Whalj^ncipU . 580. The BLAD0BIWJLA88.— "».«. 

isilhistratedhy Fig. 91 is a b^-shaped glass, 
^^Ls ^^^^ covered with a piece of blad- 

'der, which is tied tightly aroond 
its neck. Thus prepared, it may be screwed 
to the plate of the air-pump, or connected with 
it by means of an elastic tube. On exhausting 
the air from the glass, the weight of the external air on the 
bladder will burst it inwards, with a loud explosion. 

^^ What does the 581. TheInma-rubmerGlass. 

India^nMer — Fig. 92 is a glass similar to 
Glass show t ^^^ ^^g represented in the last 

figure, covered with india-rubber. The same 
experiments may be made with this as were 
mentioned in ike last article, but with dififerent results. Instead 
of bursting, t^e india-rubber will be pressed inwards the whole 
depth of the glass. 

WA<rf 15 illuS' ^^^' •'^^ Fountain-glass and Jkt. — Fig. 
trated by means 93 represents the jet, which is a small brass 
ofihiFountainr ^^^^ Ym. 94 is the fountain-glass. The ex- 

penment with these instruments is designed to 
show the pressure of *the atmosphere on tU^*** 
-the surface of liquids. Screw* the straight 
jet to the stop-cock, the stop-cock to the 
fountain-glass, with the straight jet inside 
of the fountain-glass, and the lower end of 
the stop-cock to the plate of the air-pump, 
and then open the stop-cock. Having ex- 
hausted the air from the fountain-glass, close the stop- 
cock, remove the glass fr(»n the pump, and, immersing 
it in a vessel of water, open the stop-cock. The pressure 
of the air on the surface of the water will cause it to rush up 
Into the glass like a fountain. 



^lassand Jet) 
ng. 98. 
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Haw are ihs ^^^* PznsuMATio Soalis foe WxiGHiMe 

Pneumatic Fig. 95 represents the flask, Kg. 9(k 

Scales usedf ^^ ^.^^ ^^^^^ ^^^^ ^^^^ ^^ 

weighing air. Weigh the flask when fall 
of air ; then exhaust the air and weigh the 
flask again. The difference between its 
present and former weight is the weight of 
the air that was contained in the flask. 

Whatprimi. 584. Tra Suokhu-A 
pie does ^^ the ci:fcular piece of wet leather, with a- string 
Sucker "illus^ attached to ^ the centre, being pressed upon a 

smooth surface, will adhere with considerable 
tenacity, when drawn upwards by the string. The string in 
this case must be attached to the leather, so that no air can pass 
under the leather. 

What is the ^^^' ^^ Mbecxjeial or "Water Tube. — 
^ect of the Exhaust the air from a glass tube lihree feet 
^bI»-"tL^?^ long fitted with a stop-cock at one end, and then 

immerse, it in a vessel containing mercury or 
water. On turning the stop-cock, the mercury will rise to the 
height of nearly thirty inches ; or, if immersed in water, the 
water will rise and fill the tube, and would fill it were it thirty 
feet long. This experiment shows the manner in which water 
is raised to the boxes or valves in common water-pumps. 

How is the elas- ^^^* Experiments showing the ELAsncnT 
ticity of the air OF THE AiR. — Place an india-rubber bag, or a 
illustrated f bladder, partly inflated, and tightly closed, un- 

der the receiver, and, on exhausting the air, the air within the 
bag or bladder, expanding, will fill the bag. On readmitting 
the air, the bag will collapse. The experinient may also be 
made with some kinds of shrivelled fruit, if the skin be sound. 
The internal air, expanding, will give the fruit a fresh and plump 
appearance, which will disappear on the readmission of the air. 

587. The same principle may be illustrated by the India* 



I'NBUMA'nCS. 161 

nit>l>er and bladder passes, if they have stop-cooks to confine 
the air. 

588. A small bladder partly filled with air may be sunk in a 
yessel of water by means of a weight, and placed under the 
receiyer. On exhausting the air from the receiver, the air in 
the bladder will expand, and, its specific gravity being thufi 
diminished, the bladder with the weight will rise. Ouv read- 
mitting the air, the bladder will sink again. 

HiAo can the ^ ^^^' "^^ containibd in Watbe and in Wood. 
presence of air — Place a vessel of water under the receiyer, and, 
m^ioMu/ be de- Qj^ exhausting the air from the receiver, the air 

in the water, previously invisible, will make its 
appearance in the form of bubbles, presenting the semblanoe 
of ebullition. 

690. A piece of light porous wood being immersed in the 
water below the surface, the air will be seen issuing in bubbles 
from the pores of the wood. 

"^Explain ifie prin- 591. The Pneumatic Balloon.— /"^ 
dpte of the Pneu- Fig. 96 represents a small glass bal- 
mahc Balloon, j^^^^ ^jl^ j^ ^j^ immersed in a jar 

of water, and placed under a receiver. On exhaustr 
ing the air, the air witlun the balloon, expanding, gives 
it buoyancy, and it will rise in the jar. On readmit* 
ting the air, the balloon will sink. 

592. The experiment may be performed without the 
air-pump by covering the jar with some elastic sub- 
stancoj as india-rubber. By pressing on the elastic 
covering with the finger, the air will be condensed, the 
water will rise in the balloon, and it will sink. On removing 
the pressure, the air in the balloon, expanding, will expel part 
of the water, and the balloon will rise. This is the more conve- 
nient mode of performing the experiment, as it can be repeated 
at pleasure without resort to the pump. 

693. The following is a full explanation : — The pressure on 
the top of the vessel first condenses the air between the cover 

14* 
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WBti the sorfiMM of the water ; this ooodensatioii presBes vpaa 
the water below, and, as this pressure affects ever j portion of 
the water throughout its whole extent, the water, bj its upward 
pressure, compresses the air within the baUoon, and makes room 
for the ascenir of more water into the balloon, so as to alter the 
specific gravity of the balloon, and cause it to sink. As soon 
as the pressure ceases, the elasticity of the air in the balloon 
drives out the lately-entered water, and, restoring the former 
lightness to the balloon, causes it to rise. If, in the commence- 
ment of this experiment, the balloon be made to have a specific 
gravity too near that of water, it will not rise of itself, 
after once reaching the bottom, because the pressure of the 
water then above it will perpetuate the condensation of the air 
which caured it to descend. It may even then, however, be 
made to rise, if the perpendicular height of the water above it 
be diminished by inclining the vessel to one side. 

694. This experiment proves many things ; namely : 

First. The mqteriaUty of mr, by the pressure of the hand on the 
top being communicated to the water below through the air in the 
upper part of the vessel. 

Secondly, The compressibility of air, by what happens in the 
globe before it descends. « 

Thirdly. The elasticity^ or elastic force of air, when the water is 
expelled from the globe, on remoying the pressure. 

Fourthly, The lightness of air, in the buoyancy of the globe. 

Fifthly, It shows that the pressure of a liquid is exerted in all direc- 
tions, because the effects happen in whatever position the jar be 
held. 

Sixthly, It shows that pressure is as the depth, because less press- 
ure of the hand is required the further the globe has descenoed in 
the water. 

Seventhly, It exemplifies many circumstances of fluid support. 
A person, therefore, who is familiar with this experiment, and can 
explain it, has learned the principal truths of Hydrostatics and 
Pneumatics. 

595. The Pneumatic Balloon also exhibits the principle on which 
the well-known glass toy, called the Cartesian Devil, is constructed ; 
and it may be thus explained: Several images of glass, hollow 
within, and each having a small opening at the heel by which water 
may pass in and out, may be made to manoeuvre m a vessel of 
water. Place them in a vessel in the same manner with the bal- 
loon, but, by aUoWing different quantities of water to enter the 
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apertures in the images, cause them to ^Mkt a Htile from one 
another in specific grayity. Then, when a pressure is exerted on 
the cover, the heaviest will descend first, and the others follow in 
the order of their specific grayitj ; and they will stop or retom to 
the surface in reverse order, when the pressure ceases. A person 
exhibiting these figures to spectators who do not understand them, 
while appearing carelessly to rest his hand on the cover of the ves- 
sel, seems to have the power of ordering their movements by bis 
will. If the vessel contaming the figures be inverted ^ and the cover 
be placed over a hole in the table, throueh which, unobserved, press- 
ure can be made by a rod rising throuni the hole, and obeying the 
foot oi the exhibiter, the most surprising evolutions i|iay be pro- 
duced among the figures, in perfect obecuence to the word of com- 
mand. 

596. Experiments with Condensed Ant. — 
use of the Con- ^^ Condensinq and Exhausting Syeinge. — 
densing and The Condensing Syringe is the air-pump reversed. 
^thau^ng rjij^g Exhausting Syringe is the simple air-pump 

without its plate or stand. These implements 
are used respectively with such parts 
of the apparatus as cannot conveniently 
be attached to the air-pump, and as 
an addition to such pumps as do not 
perforin the double office of exhaustion 
and condensation. In some iets of 
apparatus the condensing and exhaust- 
ing syringes are united, and are made 
to perform each office respectively, by 
merely reversing the part which con- 
tains the valve. 

F(yr what purpose ^^7. The Am- 

15 the Atr-cnam- chamber. — The air- 

^^^^ chamber. Fig. 97, is 

a hollow brass globe prepared for the reception of a stop-cock, 

and is de^ghed for the reception of condensed air. It is made 

in difiTerent forms in dififerent sets, and is used by screwing it to 

a condensing pump or a condensing syringe. 

««^ . ^ i 598. Straight and Revolting Jets ebom 
tipIeofPngur Co»I)Knsed Air. — Fill the air-chamber (Fig, 
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. . ^^^^ 97) partfy irtUi wator, and then condense tiie 
irated hy the air. Then confine the air by taming the ooek ; 
straight mid '^f^^ which, unscrew it from the air-pump, and 
revolving jets r ^^^ ^^ ^^ strai^t or the revolTing jet Thea 

open the stop-cock, and the water will be thrown from the 
chamber in the one case in 
a straight continued stream, 
in the other in the form of 
a wheel. Figp. 98 and 99 
represent a view of the 

straight and the reyolvbg jets. In the revolVing jet 
the water is thrown from two small apeitures made at 
each end on opposite sides, to assist the revolution. The 
circular motion is caused by the reaction of the water on the 
opposite sides of the arms of the jets ; for, as the water is forced 
into the tubes, it exerts an equal pressure on all sides of the 
tubes, and, as the pressure is relieved on one side by the jet- 
hole, the arm is caused to revolve in a contrary direction. This 
experiment, performed with the straight jet, illustrates the 
principle on which " Hero's ball " and " Hero's fountain " are 
constructed. 

Explain the ^^^' ^^^ PmNciplb OF thb Air-qun. — With 

principle of the air-chamber, as in the last experiments, a 
the Air-gun, small brass cylinder or gun-barrel. Fig. 100, may 
be substituted for the jets, and loaded with a small shot ng.ioo. 
or paper ball. On turning the cock quickly, the con- 
densed air, rushing out, will throw the shot to a consider- 
able distance. In this way the air-gun operates, an 
apparatus resembling the lock of a gun being substituted 
for the stop-cock, by which a small portion only of the 
condensed air is admitted to escape at a time ; so that 
the chamber, being once filled, will afford two or three doxen 
discharges. The force of the air-gun has never been equal to 
more than a fifteenth of the force of a common charge of powder, 
and the loudness of the report made in its discharge is alwajc 
as great in proportion to its force as that of the oommon gun. 
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Guinea and 
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. 600. Oondeaaed air may be wei^^ed in the 

J^:^*X air-ch«nber. ^i, in ertunatrng ita weight, the 

temperature of tbe room must always be taken 
into oonsideration, as the density of air is ma- 
terially affooted by heat and oold. 

601. EzPXBIliENlS BHOWINO THB InKRTIA OV 

AiB. — The Guinxa and Feathxb Drop. — The 
Feather Drop inertia of -air is shown by the gainea and feather 

drop, exhibiting the resistance which the air 
opDOses to falling bodies. This apparatus is made in different 
loniiB, some having shelyes on which the vig.102. 
J--^ gainea and fea:ther rest, and, when the air is 
VW ezhansted, they are made to fall by the tam- 
ing of a handle. A better form is that repre- 
sented in Fig. 101, in which the guinea and 
feather (or a piece of brass* substituted for the 
^ ^ guinea) are enclosed, and the apparatus being 
L J screwed to the plate of the pump, the air is 
^ exhausted, a stop-cock turned to prevent the 
readmission of the air, and the apparatus being 
then unscrewed, the experiment may be repeatedly 
shown by one exhaustion of the air. It will then 
appear that every time the apparatus is inverted the 
guinea and the feather will fall simultaneously. The 
two forms of the guinea and feather drop are ex- 
hibited in Figs. 101 and 102, one of which. Fig. 101, is fur- 
nidbed with a stop-cock,^ the other, Fig. 102, with shelves. 

Wkaiprin- 602. EXPSRIMSNTS SHOWING THE FLUIDITY OJt 

dple is explain' AiR. — The Weight-lutbr. — The upward press- 

thew^U^ ^® ^^ *^® ^^^' ^°® ^^ *^® properties of its fluidity, 
lifter? may be exhibited by an apparatus called the 



* Most sets of philosophical apparatus are furnished with stop-oooks 
and elastic tubes, for the purpose of connecting the several parts with the 
pump, or with one another. In selecting the apparatus, it is important 
to have the screws of the stop-oooks and of all the apparatus of similar 
thready in order that every article may subserve as many purposes as po«« 
lible. This piMftation is raggiiited by coonomy, as well as by ovnysufonw 
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weight-lifter, made in different ^mns, but all 
on the same principle. The one represented 
in Fig. 108 consists of a glass tube, of large 
bore, set in a strong case or stand, sap- 
ported by three legs. A piston is accu- 
rately fitted to the bore of the tube, and a 
hook is attached to the bottom of the piston, 
from which weights are to be suspended. 
' One end of the elastic tube is to b6 screwed 
to the plate of the pump, and the other 
end attached to the top of Ihis instrument. 
The air being then exhausted from the tube, the weights ynJl be 
raised the whole length of the glass. The number of pounds* 
weight that can be raised by this instrument may be estamated 
by multiplying the number of square inches in the bottom of 
the piston by fifteen. 

Explain the 603. The Pneumatic Shower-bath. — On the 

Pneumatic principle of the upward pressure of the air the 
*^ ' pneumatic shower-bath is constructed. It con- 

sists of a tin yessel perforated with holes in the bottom for the 
shower, and haviug an aperture at the top, which is opened or 
closed at pleasure by means of a spring-valve. [Instead of the 
spring-valve, a bent tube may be brought round from the top 
down the side of the vessel, with an aperture in the tube below 
the bottom of the vessel, which may be covered with the thumb.] 
On immersing the vessel thus constructed in a pail of water, 
with the valve open, and the tube (if it have one) on the outside 
of the pail, the water will fill the vessel. The aperture then 
being closed with the spring or with the thumb, and the vessel 
being lifted out of the water, the upward pressure of the air 
will confine the water in the vessel. On removing the thumb 
or opening the valve, the water will descend in a shower, until 
the vessel is emptied. 
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mrareiOiu- tarn Boi»flKU> AMD Jam. — Kg. 104, k f^am 
t^%ihe K^*^ *if' * 1°»E "'^ <*1'^ 1^ bolt^Md (or 
Bolt-head and ^nj loD^-Decied boUle), parti; filled wUk ynter, 
J"'! is inverted ia a jar of water (ool(H«d willi a few 

drops of red ink or anj coloiiog matter, in order r%.it4. 
that tbe effects ma; be more distinctly viable], and ~ 

placed under tlie receiTer. On exhaos^ng tlte air in ■ 

tJie receiver, the air in the upper put of the bolt- 
head, expanding, expels the water, showing the das- 
ticitj of the air. On readmitting the air to the 
receirer, as it cannot r^nm into the bolt-tie«d, the 
preBBore on the Borface of the water in Uie jar fiircea 
the water into ^e bolt-head, showing the promro 
of the air caused bj its wei^t. I^e expmaieot 
ma; be repeated with (he bolt-bead without anj 
water, and, on the teadmission of the air, the water wiO Marij 
fill the bolt-head, affording an acconte test of the degre* tt 
exhaustion. 

(PAof Aoo ^^' "^^ TsAKsna or Fuim wwtm ova 

pr^apUs are Yesskl TO AnoTHiR. — 3Tie experinKBt ma; be 
roHcnnudm j„^g ^(j, ^wo bottles tightly doaed. Let one 
the transfer of , ..„,.,,. 

JItddtfrom be partly filled with water, and the two eok- 

one vessel to nected by a bent tube, connecting the interior of 
''^'*°'*^ -' the ^pty bottle with the water of the other, aad 

extending nearly to the bottom of the water. On exhautnig 
die air from the anpty bottle, the water will pau to the other, 
and, on readmitting the air, the water will return to its ori^'oal 
position, so long as the lower end of the bent tobe is below the 
Borfiioe. 

,„,_ 606. ExpintTmpng with ini Saaoa. — CIom 

WAm expert- i « , 

metUt ore per- ">b shorter end of the siphon with the finger or 
formed with with a stop-cock, and pour mercoiy or watCT into 
" the longer side. The air contained in the shtxler 

side will prevent the liquid from riang in the iliorter nde. 
Bnt, if the shorter end be opened, so as to afibrd fiee pMMgt 
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outwards for the air, the fluid will rise to an equilibrinn k 
both arms of the siphon. 

607. Poor any liquid into the longer arm of the raphon until 
the shorter arm is filled.- Then dose the shorter end, to pro* 
vent the admission of the air ; the siphon may then be torned 
in any direction and the fluid will not run out, on aQOOUBt of 
the pressure of the atmosphere against it. But, if the shorter 
end be unstopped, the fluid will run out freely. 

Wh^^ectu 608. Air essential to Animal Lm.— If 
animal placed ^° animal be placed under the reeeiver, and the 
under an ea> . air exhausted, it will immediately droop, and, if 
y^^f '■^ the air be not speedily readmitted, it will die. 

„ . .^ 609. AlE ESSENTIAL TO COMBUSTION. — PUce 

Mow ts tt . - 

shown that air ^ lighted taper, Cigar, or any other substance that 

is essential to -^1 produce smoke, under the receiver, and cx-» 

haust the air ; the light will be extinguished, vA 
the smoke will fall, instead of rising. If the air be readnutteii 
the smoke will ascend. 

What effect is 610. The Pressuee of the Ant betaW*' 

^h^^^i^an Ebullition.* — Ether, alcohol, and other distillel 

exhausted re- liquors,' or warm water, placed under the reoeiver, 

cdver ? -^{w appear to boil when the air is exhausted. 

Mn. . jr^r 611. Tho existenco of many bodies in a liquid 

Whateffecthas •« , - , . , r^v 

the pressure of fonu depends on the weight or pressure of tbo 

the air on the atmosphere upon them. The same foice, like- 
l^gg / wise, prevents the gases which exist in fluid and 

solid bodies from disengaging themselves. H, b/ 
rarefying the air, the pressure on these bodies be diminished, 
they either assume the form of vapors, or else the gas detaches 
itself altogether from the other 1body. The following experi- 
ment proves this : Place a quantity of lukewarm water, ToSi 
or alcohol, under a receiver, and exhaust the air, and the liquid 

* Ebvlution. — The operation of boiling. The agitation of liquor by 
h«at, whioh tlii^ws it up into bubbles. 
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Will either pass eff ia vapor, or will haye the appei^nce of 

boiling. 

^-^ * 612^ An experiment to prpye that the pressure 

ment shows of the atmosphere preserves some bodies in the 

that the liquid liquid form may thus be performed. Fill a long 

hMesu^de- ^*^» ®' * ^'^^^ closed at one end, with water, and 
pendefti an* invert it in a vessel of water. The atmospheric 

atmospheric pressure will retain the water in the vial. Then, 
vressure ? 

by means of a bent tube, introduce a few drops 

of sulphuric ether, which, by reason of their small specific 
gravity, will ascend to the top of the vial, expelling an equal 
bulk of water. Place the whole under the receiver, and ex* 
haust the air, and the ether will be seen to assume the gaseous 
form, expanding in proportion to the rarefaction of the air 
under the receiver, so that it gradually expels the water from 
the vial, and fills up the entire space itself. On readmitting 
the air, the ether becomes condensed, and the water will re- 
ascend into the vial. 

How mav 613. A simple and interesting experiment con 

toater be frozen nected with the science of chemistry may thus be 
under a re- performed by means of the air-pump. A watch- 
glass, containing water, is placed over a small 
vessel containing sulphuric acid, and put under the bulbed 
receiver. When the. air is exhausted, vapor will freely rise 
from the water, and be quickly absorbed by the acid. Ab 
intense degree of cold is thus produced, and the water will: 
fireeze. 

614. In the above experiment, if ether be used instead of the 
acid, the ether will evaporate instead of the water, and, in the 
process of evaporation, depriving the water of its heat, the 
water will freeze. These two experiments, apparently similar 
ib effects, namely, the freezuig of the water, depend upon two 
different principles which pertain to the science of chemistry. 

What is the 515^ ^hb Pneumatic Paradox. — An inter- 

Paradoat eating experiment, illostratiTe of t^e pneumatio 

16 
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paradox* may be thus perfoimed : Pass a small open tube (as 
a piece of quill) through the centre of a circular card two or 
three inches in diameter, and -cement it, the lower end passing 
down, and the upper just even with the card. Then pass a pin 
through tlie centre of another similar card, and place it on 
the former, with tne pin projecting into the tube to prevent 
the upper card from sliding off. It will then be impossible 
to displace the upper card by blowing throu^ the quill, 
on account of the adhesion produced by the current passing 
between the discs. On this principle smoky chinmeys have 
been remedied, and the office of yentilation more ef[ectoally 
performed. 

m^f* ^^^' yfvsr). —Wind is air put in motion. 

617. There are two ways in which the motion 
ways may the ^^ ^^ ^^ ™^J arise. It may be considered as 
motion of the an absolute motion of the air, rarefied by heat 
^L'neTf *°^ condensed by cold; or it may be only an 

apparent motion, caused by the superior vdocily 
of the earth in its daily revolution. 

618. When any portion of the atmosphere is heated it becomes 
rarefied, its specific gravity is diminished, and it consequently 
rises. The adjacent portions immediately rush into its place, to 
* restQre the equilibrium. This motion produces a current whidi 
rushes into the rarefied spot &om all directions. This is what 
we call wind. 

619. The portions north of the rarefied spot 
wind caused f Produce a north wind, those to the south produce 

a south wind, while those to the east and west 
in like manner, form currents moving in opposite directions. 
At the rarefied spot, agitated as it is by winds from all direc- 
tions, turbulent and boisterous weather, whirlwinds, hurricanes, 
rain, thunder and lightning, prevail. This kind of weather 
occurs most frequently in the torrid zone, where the heat is 
greatest. Tb^ air, being more rar^ed there than in any other 
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part of the globe, is lighter, and, consequently, ascends ; that 
about the polar .regions is continually flowing from the poles to 
the equator, to restore the equilibrium; while the air rising 
from the equator flows in an upper current towards the poles, 
1K> that the pcrfar regions may not be exhausted. 

Whnt iti d ^^^* '^ regular east wind prevails about the 

prevails in the equator, caused in part by the rarefaction of the 
equatorial air produced by the sun in his daily course from 
^ east to west. This wind, combining with that 

from the poles, causes a constant north-east wind for about thirty 
degrees north of the equator, and a south-east wind at the 
same distance south of the equator. 

621. From* what has now been said, it appears that there is ly 
drcolation of air in the atmosphere ; the air in the lower strata) 
flowing from the poles to the equator, and in the upper strata 
flowing back from the equator to the poles. It may here be re- 
marked, that the periodical winds are more regular at sea than on ' 
the land ; and the reason of this is, that the land reflects into the 
i^moephere a much greater quantity of the sun's rays than the ' 
water, therefore that part of the atmosphere which is over tha land 
is more heated and rarefied than that which is over the sea. Thi« 
occasions the wind to set in upon the land, as we find it regularly 
does on the coast of Guinea and other countnes in the torrid zone. 
There are certain winds, ealied trade-winds, the theory of which 
may be easily explained on the principle of rarefaction, affected, as 
it is, by the relative position of the different parts of the earth with 
the sun at different seasons of the year, and at various parts of the 
day. A knowledge of the laws by which these winds are controlled 
is of importance to the mariner. When the place of the sun with 
respect to the different positions of the earth at the different seasons 
of the year is understood, it will be seen that they all depend upon 
the same principle. The reason that the wind generally subsides 
at the going down of the sun is, that the rarefaction of the air, in 
the particular spot which produces the wind, diminishes as the sun 
dechnes, and, consequently, the force of the wind abates. The 
- great variety of winds in the temperate zone is thus explained. 
The air is an exceedingly elastic fluid, yielding to the slightest, 
pressure ; the agitations in it, therefore, caused by the regular , 
winds, whose causes have been explained, must extend every way . 
to a great distance, and the air, therefore, in all climates will suffer' 
more or less perturbation,^ccording to the situation of the country, 
the position of jnoun tains, Valleys, and a variety of other causes J* 
Hence every climate must be liable to variable wmds. The quality- 
of winds ia affected by the countries over which they pass ; and 
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thej HTB BomstimeH rendered pestilential by the heat of decerta at), 
the putiid exhulatione of laarshes und 1ake«. Tliue, from the 
deserts of Africa, Arabia and the neighboring countries, a hot wiml 
blows, called Samid, or Simooji, which BOmetimeB piodaces instant 
death. A similar wind blows from the desert of Sahara, upon the 
western coast of Africa, called the Harmallan, prndutiog a dryness 
and heat which is almost insupportable, acorohing like the toasts 
ofa fuinace..' 

_ . . , 622. Whirlwinds and Waterspouts. — The 

now u nana „ . , . . . - 

femetima af- direction of winds la sometimes influenced by the 
feUidhy ihe form of loftj and precipitous mountains, which, 
c^Un/l resisting their direct course, causes them to 

descend with a spiral and whirling motion, and 
with great force. 

623. A similar efieot is produced bj two winds meeting at in 
angle, and then turning upon a centre. If a cloud happen to be 
between these two winds thus encountering each other, it will ba 
condensed and rapidly tamed round, and nil light dubstancos wiU 
be oairied up into the air by the whirling motion thus produced. 
What u mip- 624. The whirlwind, ocourring at sea, ocot- 
^^ir^itat *'°''* *''*' BJngn'*' phenomenon of the inta<- 

^M>H(«r spout. 
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XVhatis 630. Sound is the sensation produced in ibe 
sound! organs of hearing by the vibrations or undulationa 
transmitted through the air around.* 

631. If a bell be rung under an exhausted receiver, no sound caa 
be heard from it ; but when the air is admitted to surround the bell, 
the vibrations immediately produce sound. 

632. Again, if the experiments be made bj enclosing the bell in 
a small receiver, full of air, and placing that under another receiver, 
&om which the air can be withdrawn, though the bell, when struck, 
must then produce sound, as usual, vet it will not be heard if the 
outer receiver be well exhausted, and care be taken to prevent the 
vibrations from being communicated through any solid part of the 
apparatus, because there is no medium through which the vibrations 
of the bell in the smaller receiver can be communicated to the ear.f 

T,r, . , 633. Sounds are louder when the air sur- 

Why 15 a sound 

louder in cold rounding the sonorous body is dense than when 
weather t j[t is in a rarefied state, and in general the 

intensity of sound incrtases with the density of the medium 
by which it is propagated. 

634. For this reason the sound of a bell is louder in cold than 
in warm weather ; and sound of any kind is transmitted to a 
greater distance in cold, clear weather, than in a warm, sultry 
day. On the top of mountains, where the air is rare, the human 
voice can be heard only at the distance of a few rods ; and the 
firing of a gun produces a sound scarcely louder than the crack- 
ing of a whip. 

What are So- 635. Sonorous bodies are those which pro- 
norous bodies r ^xice clear, distinct, regular, and durable 
sounds, such as a bell, a drum, wind instruments, musical 
strings and glasses. These vibrations can be communicated 
^ a distance not only through the air, but also through 
liquids and solid bodies. 

* *< The sensation of sound is produced by the wave of air impinging on 
the membrane of the ear-drum, exactly as the momentum of a ware of the 
fea would strike the shore." — [Xrordner.] 

t In performing these experiments, the bell must be placed in such a man- 
ner that whatever supports, it will rest on a soft cushion of wool, so as to 
prevent the vibrations from being communicated' to the plate of the air 
pump^ or any other of the solid parts of the apparatus. 
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n mkat do 636. Bodies owe their sonoroos nopeitr 

ionoraus prop-^ their elasticity. Bat, altbongh it is m^ 
ertiesr doubtedly the case that all sonoroiia bodies art 

elastic, it is not to be inferred that all elastic bodies $n 
sonorous. 

637. The vibrations of a sonoroas body pwe a tremaUnn or un^ 
dulatoiy motion to the air or the mediam bj which it is mmrfon^^f 
similar to the motion communicated to smooth water when a sImm 
18 thrown into it. 

What are the ^^^' Sound is comnninicated more rapidljr 

*a/ conduciors and with greater power throng mAul borliet 

^^. ' than through the air, or flaids. It is conducted 

by water about four times quicker than by air, aitd by solids 

about twice as rapidly as by water. 



639. If a person lay his head on a long meet of tiaiher« lie _ 
hear the scratch of a pen at the other Md, wmle it eoald oot be 
heard through the air. 

640. If the ear be placed against a long^ dry briek wall, emd • 
. P^^^^^ strike it once with a hammer, the soond will be beard twUe^ 

because the wall will convey it with greater fapsdity thao the atr^ 
• though each will brin^ it to the ear. 

041. It is on the pnnciple of the greater power of solid bodies to 
oommonicate sound that the instmmeDt called the Stetboseopa * is 
ooQstructed. 

^^^ i$ the 642. The Stethoscope is a perforated cylin- 
^^^^ der, of light, fine-grained wood, with a tomieU 
principle is it shaped extremity, which is applied externally to 
c(mstrwtedf the cavities of the body, to distinguish the 

Bounds within. 

^VW ' th ^^' ^^ means of the stethoscope the phy* 

of the stetho' sician is enabled to form an opinbn of the healthr 
'^^ •' action of the lung?, and other organs to which the 

^r cannot be directly applied. 

• 

* The word Stethoscope is ierired from two Greek in>rdB, &x99oi, the 
breast, and rxontw, to examine, and is giren to this instrument because it 
fe applied to the breast of a person for the purpose of ascertaining the oon- 
<lition of the Inngs and other internal organs. Dr. Webster suggests thai 
tt»e term Phonaphanu^ or Sonnd-oondnctor, would be a preferable name lot 
the instromeut. 
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With ufhat rtqddUy 644. Sound passing through the air 
does sound move ; inoves at the rate of 1120 feet in a second 
of time ; and this rule applies to all kinds of sound, whether 
loud or soft.* 

What kind of 645. The softest whisper, therefore, flies as.&si 
sounds move as the loudest thunder ; and the force and direc<aon 
'^'^ of the wind, although thej affect the continuanos 

of a sound, have but slight effect on its yelocitj. 

646. Were it not for this uniform velocity of all kinds of sound, 
the music of a choir, or of an orchestra, at a short distance, would 
be but a strange confusion of discordant sounds ; for the difiennt 
instruments or voices, having different degrees of loudness, could not 
simultaneously reach the ear. 

647. The air is a better conductor of sound when it is hnnud than 
when it is dry. A bell can be more distinctly heard just before a 
rain ; and sound is heard better in the night than in the day, because 
the air is generally more damp in the night. 

648. The distance to which sound may be heard depends upon 
various circumstances, on which no definite calculations can be pre- 
dicated. Volcanoes, among the Andes, in South America, have been 
heard at the distance of three hundred miles ; naval engagements 
have been heard two hundred; and even the watchword *^AU^s 
well,*^ pronounced by the unassisted human voice, has been heard 
from Old to New Gibraltar, a distance of twelve miles. It is said 
that the cannon fired at the battle of Waterloo were heard at Dover. 

649. A clear and frosty atmosphere is favorable to the trans- 
mission of sound, especially where the surface over which it passes is 
smooth and level. Conversation in the polar regions has been carried 
on betureen persons more than a mile apart. The cannon in naval 
engagements in the English Channel have been heard in the centre 
of England. 

650. A blow struck under the water of the Lake of Genera was 
heard across the whole breadth of the lake, a distance of nine miles. 
The earth itself is a good conductor of sound. The trampling of 
horses can be heard at a great distance by putting the ear to the 
ground, and the approach of railroad-cars can be ascertained when 
v||:y far off by applj^ng the ear to the rail. 

* The velocity of sound has sometimes been estimated as mnoh as eleven 
hundred and forty-two ^et in a second. The state of the air must, however, 
be taken into consideration. The higher the temperature, the greater the 
yelocitj; and it has been ascertained that within certain limits the velocity 
is increased about one foot for every degree that the thermometer rises. Bz- 
periments made with a cannon at midnight by Arago, Gay Lassao, and 
others, when the thermometer stood at 61o, gave 1118.39 feet per second as 
the Telocity of sound. The rate stated in No. 644 will not therefore be far 
from the truth. The experiments which gave a result of eleven hundred and 
^orty-two feet in a second were probably made when the weather was ex* 

)mely warm. 
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iV whai jfrao- 651. This ani^m velocity of soand enalilfiB a6 
v^ih^ *of^^ ascertain, with some degree of accuracy, the 
tound applied? distance of aa objeot from which it proceeds. 

If, for instance, the flash of a gun at sea is seen a half of a minute 
before the report is hoard, the yesscl must be at the distance of about 
8ix miles. 

652. In the same manner the distance of a thunder-cloud may 
be estimated by counting the seconds that intervene between the 
flash of the lightning and the roaring of the thunder, and multiplying 
them by 1120. 

Wkai ' the ^^^' ''^^ AcousTic PARADOX. — Souud, as has 
AeausAtL P already been stated, is propagated by the undulations 
OTOr ^£. ^^ ^j^^ Now, as these undulations or waves are 
precisely analogous to the case of two series of waves 
formed upon the surface of a liquid, there is a point where the 
elevation of a wave, produced by one cause, will coincide with the 
depression of another wave produced by another cause, and the con- 
lequence will be neither elevation nor depression of the liquid. 

JExvhin the ^^^' ^^®^' therefore, two sounds are produced 
acoustic para- in different places, there is a point between them 
dox. where the undulations will counteract each other, 

and the two scunds may prodtuce silence, 

655. A simple illustration of this fact may be made with a 
tuning-fork. If this instrument be put into vibration and held up to 
the ear and rapidly turned, the sound, instead of being continuous, 
will appear to be pulsative or interrupted ; but, if slowly caused to 
revolve at a distance from the ear, a position of the forks will be 
found at which the sound will be inaudible. 

656. A similar experiment may be made with the tuning-fork 
lield over a cylindrical glass vessel. Another glass vessel of similar 
kind being placed with its mouth at right angles to the first, no 
sound will be heard ; but, if either cylinder be remoyed, the sound 
will be distinctly audible in the other. The silence produced in.this 
way is due to the interference of the undulations. 

This seeming paradox, when thus explained, like the paradox 
mentioned under the heads of Hydrostatics and Pneumatics, and 
another to be mentioned under the head of Optics, will be found 
to be perfectly consistent with the laws of sound. 

Vfhat is an 657. An echo is produced by the vibrationfl 
^^ •' of the air meeting a hard and regular surfaxse, 

such as a wall, a rock, a mountain, and being reflected back 
to the ear, thus producing the same sound a second, and 
winetimea a third and fourth time. 



178 NATURAL PHILOSOPHT. 

Why arethere 658. For this reason, it is evident tiiat no edio 

%o echoes ^^^ ^ heard at sea, or on an extensive plain, Khere 
plain f there are no objects to reflect the sound. 

B hat la ^^^' Sound, as well as lighl and heat, is re- 

is sound re- fleeted in obedience to the same law that has 
fleeted? already been stated in Mechanics, namely, the 

angles of incidence and of reflection are always equal. 

060. It is only necessary, therefore, to know how sound strikes 
against a reflecting surface, to know how it will be reflected. It is 
related of Dionysius, the tyrant of Sicily, that he had a dungeon 
(called the ear of Dionysius) in which the roof was so constructed 
as to collect the words, and even the whispers, of the prisoners con- 
fined therein, and direct them along a hidden conductor to the place 
where he sat to listen ; and thus he became acquainted with the 
most secret expressions of his unhappy victims. 

On what principle gg^^ Speaking-trumpets are oonstmcted 

pels construed t ®° ^® principle of the reflection of sound. 

662. The voice, instead of being diflused in the open air, is con- 
fined within the trumpet ; and the vibrations which spread and fall 
against the sides of the instrument are reflected according to the 
angle of incidence, and fall in the direction of the vibrations, which 
proceed straight forward. The whole of the vibrations are thus 
collected into a focus ; and, if the ear be situated in or near that 
spot, the sound will be prodigiously increased* 

How s hear- ^^^' H^^-ring-trumpets, or the trumpets used 
ing trumpet by deaf persons, are also constructed on the same 
constructed? principle ; but, as the voice enters the large end of 
the trumpet, instead of the small one, it is not so much confined, 
nor so much increased.* 

664. The musical instrument called the trumpet acts also on 
the same principle with the speaking-trumpet, so far as its form 
tends to increase the sound. 

665. The smooth and polished surface of the interior parts of 
certain kinds of .shells, particularly if they be spiral or undulating, 

* In this connexion the author cannot refrain from giving publicity to the 
value of a pair of acoustic instruments worn by one of the members of his 
family. They consist of two small hearing-trumpets of a peculiar eonstmc- 
tion, connected by a slender spring with an adjusting slide, which, passing 
over the head, keeps both trumpets in thefr place. They are concealed 
from observation by the head-dress, and enable the wearer to join* in con* 
versation of ordinary tone, from which without them*she*is wholly detarred. 
Tho instruments were made by B. S. Codmau & Co. 57 Tremont St., Boston. 
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fit them to oollect and rofleot the yarioafl sounds whieh aie iakiiig 
{dace in the Ticinitj. Hence the Cypciae, the Naatilus, and some 
other shells, when held near the ear, give a continued sound, which 
resembles the roar of the distant ocean. 

On what prinr 666. Sound, like light, after it has been reflect- 
whisi^nif ^ ^^™ several surfaces may be collected into one 
galleries con- point, as a focus, where it will be more audible 
9irucUdf j^^^ ^ any other part; and on this principle 

whispering-galleries may be constructed. 

667. The famous whispering-gallery in the dome of St. Paul's 
ehoTch, in London, is constructed on this principle. Persons at 
▼ery remote parts of the building can carry on a conyersation in a 
soft whisper, which will be distinctly audible to one another, while 
others in the building cannot hear it ; and the ticking of a watch 
may be heard from side to side. 

oi&8. There is a church in the town of Newburyport, in Massa 
ehusetts, which, as was accidentally discovered, has the same prop- 
erty as a whis{)erine-gallery. Persons in opposite comers 'of the 
building, by facing ttie waU, may carry on a conversation in the 
softest whisper, unnoticed by others in an^ other part of the build- 
ing. It is the building which contains in its cemetery the remains 
of the distinguished preacher, Whitefield. 

What is an ^^^* AoousTio Tubes. — Sounds may be ooni* 
AcousticTube f Yejed to a much greater distance through conti&« 
nous tubes than through the open air. The tubes used to con- 
vey sounds are called Acoustic Tubes. They are much used in 
public houses, stores, counting-rooms, &o., to convey communi- 
cations from one room to another. 

670. The quality of sound is aflected by the furniture of a room, 
particularlv the sorter kinds, such as curtains, carpets, &c.; because, 
naving little eiasticity,Hhey present surfaces unfavorable to vibra- 
tions. 

671. For this reason, music always sounds better in rooms with 
bare walls, without carpets,* and without curtains. For the same 
reason, a crowded audience increases the. difficulty of speaking. 

672. As a general rule, it may be stated that plane and smooth 
furfaces reflect sound without dispersing it; convex surfaces disperse it, 
tnd concave surfaces collect it, 

^ ., 673. The sound of the human voice is pro- 

aow ts the ^ 

tound of the duced by^he vibration of two delicate membranes 

human voice situated at the top of the windpipe, between which 

vroducedf 

^ the air from the lungs passes. 
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674. The tones are Twried ftcn grsre to acate, by opening or 
QOQ^acting the passage ; and they are regulated by the ma^es 
belonging to the throat, by the tongue, and by the cheeks. l%e 
management of the voice djBpends maeh upon cnltiyatioo ; and 
although many persons can both speak and sing with ease, and mth 
great power, without much attention to its culture, vet it is found 
that the/ who cultivate their voices by use acquire a degree of flexi- 
bility and ease in its management, which, in a great measure^ sup- 
plies the deficiency of nature.* 

/- 
675. Ventriloquism f is the art of speaking in 

triloouismT' '^^^ ^ manner as to cause the voice to appear 
to proceed from a distance. 

676. The art of ventriloquism was not unknown to the ancients , 
and it is supposed by some authors that the famous responses of the 
oracles at Delphi, at Ephesus, &c., were delivered by persona who 
possessed this faculty. There is no doubt that many apparently 
wonderful pieces of deception, which, in the days of superstition 
and Ignorance, were considered as little short of miracles, were per- 
formed by means of ventriloquism. Thus houses have been made 

* Dr. Rash's very valuable work on ** The Philosophy of the Human 
Voice *' contains much valuable matter in relation to the human voioe. 
Dr. Barber's ** Grammar of Elocution," and the " Rhetorical Reader," by 
the author of this volume, contain use^l Instructions in a practical form. 
To the work of Dr. Rush both of the latter works are largely indebted. 
' t The word Ventriloquism literally means, '* speaking Jrom the belli/,'* and 
it la so defined in Chambers' Dictionary of Arts and Sciences. The ven- 
triloquist, by a singular management of the voice, seems to have it in his 
power **to throw Jus voice " in any direction, so that the sound shall appear 
to proceed from that spot. The words are pronounced by the organa nau- 
ally employed for that purpose, but in such a manner as to give little or tio 
motion to the lips, the organs chiefly concerned being those of the throat 
and tongue. The variety of sounds which the human voioe is capable of 
thus producing is altogether beyond common belief, and, indeed, is truly 
surprising. Adepts in this art will mimic the voices of all ages and condi- 
tions of human life, from the smallest infant to the tremulous voioe of tot- 
**tering age, and from the intoxicated foreign beggar to the high-bred, arti- 
ficial tones of the fashionable lady. Some will also imitate the warblmg 
of the nightingale, the loud tones of the whip-poor-will, and the scream of 
the peacock, with equal truth aqd facility. Nor are these arts confined to 
professed imitators ; for in many villages boys may be found who are in 
the habit of imitating the brawling and spitting of cats in such a manner 
as to deceire almost every hearer. 

The human voice is also capable of imitating almost every inanimate 
sound. Thus, the turning and occasional creaking of a grindstone, with 
the rush of the water, the sawing of wood, the trundling and creaking 
of a wheelbarrow, the drawing of corks, and the gurgling of the flow* 
ing liquor, the sound of air rushing through a crevice on a wintry night, 
and a great variety of other noises of the same kind, are imitated by the 
voice so exactly as to deceive any hearer who does not know whence they 
proceed. 
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« 

to appear haunted, voioes haye beon heaxd from tombs, aad the dead 

faaje been made to appear to speak, to the great dismaj of the 
neighborhood, bjr means of this wonderful art. 

Ventriloquism is, without doubt, in great measure the gift of 
nature ; but many persons can, with a Uttle practice, utter aounda 
and pronounce words without opening the lips or moving the mus- 
cles of the &ce ; and t&is appears to be the great seoSt of Uie 
ark. 

How is the ^^^' Musical Sounds, or Habhont. — The 
sound of a mu- sound produced bj a musical string is caused by 
ttca^^jirin^- j^ vibrations; and the height or depth of the 
tone depends upon the rapidity of these Tibra- 
tions. Long stringif vibrate with less rapidity than short ones; 
and for this reason the low tones in a musical instrument pro- 
ceed from the long strings, and the high tones from the short 
ones. 

678. Fig. 106. A B represents a musical striuff* 

Explain x/» -a u 

Rj-.ioe. "^*^® ^'^^ 

drawn 
up to Gr, its elas- 
ticity will not on- 
.y carry it back 
again, bat will 
give it a momen- 
tum which will carry it to H, from whence it will sacoesarelj 
return to T, F, C, D, &c., until the resistance of the air entirely 
destroys its motion. 

On what does ^^^' ^^ quality of the sound produced by 
the quality of strings ' depends upon their length, thickness, 

^n^^'deXji /^®^g^*' ^°^ degree of tension. The quality 
^^ of the sound produced by wind instruments 
depends upon thdr size, their length, and their internal diame- 
ter. 

680. When musio is made by the use of strings, the air is struck 
by the bodv, and the sound is caused by the vibrations ; when it is 
made by pipes, the body is struck by the air ; but, as action and re- 
action are equal, the e&ct is the same in both cases. 

681. Long and large strings, when loose, produce the lowest 

16 




* • . 



182 NATURAL PHILOSOPHY. 

tones ; but dillerent tones may be produced from the sanie string, 
according to the degree *of tension. Large wind instruments, also, 
produce the lowest tones; but difl^ent tones may be produced 
from the same instrument, according to the distance of the aperture 
for the escape of the wind from the aperture where it enters. 

How does the g82. The quality of the aound of all musical 
temperature of . . . . «. . -, , ,, , . ., 

the weather af- instruments is affected by the changes m the 

Jed, the tone of temperature and specific gravity of the atmos- 
a musical in- ^u«»« 
strument? P^^^^' 

683. As heat expands and cojd contracts the materials of which 
the instrument is made, it follows that thtf strings will have a 
greater degree of tension, and that pipes and other wind instru- 
ments will be contracted, or shortened, in cold weather. For this 
reason, most musical instruments are higher in tone (or sharper) 
in cold weather, and lower in tone (or more flat) in warm weatoer. 

On what is the ^^' ^® science of harmony is founded on 
science of har- the relation which the vibrations of sonorous 
monyfoundedl ^^^^ j^^^ ^ ^^^^i other. 

685. Thus, when the vibrations of one string are double those of 
another, the chord of an octave is produced. If the vibrations of 
two strings be as two to three, the chord of a fifth is produced. 
When the vibrations of two strings fire^uently coincide, they pro- 
duce a musical chord ; and when the coincidence of the vibtations 
is unfrequent, discord is produced. 

686. A simple instrument, 'called a monochord^ contrived for the 
purpose of showing the length and deeree of tension of a string to 
produce the various musical tones, ana to show their relations, may 
thus be made. A single string of catgut or wire, attached at one 
end to a fixed point, is carried over a pulley, and a weight is sus- 
pended to the other end of the string. The string rests on two 
bridges, between the fixed point and the pulley, one of which Is 
fixed, the other movable. A scale is placea beneath the strine bj 
which the length of the vibrating part between the two bridges 
may be measured. By means of this simple instrument, the respect- 
ive lengths required to produce the seven successive notes ot the 
gamut will be as follows : it being premised that the longer the 
string the slower will be its vibrations. 

687. Let the length of the string required to produce the note 
called C be 1 ; the length of the string to produce the successifS 
notes will bo 

CDBFGA B C 

1 f t * * I A i. 



AOOUSnOB. 



68S. Hance, tbe octave will reqnira 

pnly half of the length of the fuadaioen- 
lil note, Hnd the vibratioDs that produce 
it will lie as two to one. The Tibntioiw 



That IB, to prodace the not« D nine Tibra-; ^ 

tioD8 will be inHde in the same time that » 

eight are made by C, five of E to four of r 

C, four of F to three of C, three of Q - 

to two of C, five of A to three of C, f 

fifieen o^ B to eight of C, and two of ^ 

the DCtaTe G to one of the fundamen- P 

tai c. . ; 

689. The same relatione exist in each p 



690. Ae bsciaoaj depends upon tbe „ 
coiaddeoce of vibmtiorie, it follows that £ 
tbe octave produces the moat perfect bar- 
monji next in order ia the fillh, as ^ 
etetj third vibrAtiou of the fifth eorre* ■ 
spoQds with everr second fibration of tbe 
riuidamental. ' Next to the firCh in the g 
wder of harmonj fullowa the fourth, and - 
after the fourth the third. S 

691. The following scale, containing F 
three octaveB, eihibiU the proportions g 
which exist between the fundamental and P 
dl the other notes within that compass. t; 

692. In the lowest line of this scale * 
tbe Dumbere show the intervals. Tbe ^ 
^ures above express the number of p 
ihratinns of the fundamental or tonic, „ 
ud the upper line of figures represents a 
>l>e ^ffoportioaate vibrations of each sue- „ 
Ksnve interval. p 

693. It is found in practice that when 
twQ souads are cansed by vibrations g 
which ate in some simple numerical pro- ■ 

rrtum to each other, such as 1 to 2, or | \ 

to 3. or 3 to 4. tc. thev are nleawn^ P ^ 



2 to 3, or 3 to 4, tc, thej are pleawng 
to the ear ; and the whole science of bar- 
Bus^ ia founded on such relations. . 

694. The principal bafmoQiei are the 
octave, fifth, fourth, major third, and 



the ear ; and the whole science of bar- S y 

ODj ia founded on such relations. . ' i 

694. The principal bafmoQiei are the k j^ 

Itaw Hflh f.ini-lli msiiir tbinl. and " W 
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minor third ; and the relatioifl between them and the fhndameatal 
or tonic are as follows ' • 

Octave, 2 to 1. 

Fifth, 3 " 2. 

Fourth, 4 »« 3. 

Major Third, 5 '< 4. 

Minor Third, 6 <' 5. 

695. The foUowing Rules may serve as the basis of interesting 
calculations. 

(1.) Strings of the same diameter and equal tension vibrate in 
times in an inverse proportion to their lengths. 

(2.) The vibnitions of string of equal length and tension ace in 
an inverse proportion to their diameters. 

(3.) The vibrations of stringjs of the same length and diameter 
are as the square roots of the weights causing their tension. 

(4.) The vibrations of cylindrio tubes closed at one end are in an 
inverse proportion to their length. 

(5.). The sound of tubes open at both ends is the same with that 
of tubes of half the length closed at one end. 

[The limits of this work will not admit the further consideration 
of the subject of Harmony. It constitutes of itself a science, in- 
volving prinoiples which require deep study and investigation ; and 
ibey who would pursne it advantageously will scarcely expect, in 
the pages of an elementary work offthis kind, that the.ir wants will 
be supplied.] 

€96. Questions for SoltUum. 

(1.) A rocket was seen to explode, and in two seoonds the sound of the 
explosion was heard ; how far off was the rocket 1 Ana. 2MifL 

(2.) The flash from a cloud was seen, and in five seconds the thunder was 
heard ; what was the distance of the cloud 1 Am. 6600>i 

(3.) A musical string four feet long gave a certain tone; what must be 
the length of a string of similar size and tension to produce the note of e 
fifth 1 An», S A 8 in, 

(4.) A certain string vibrates 100 times in a second ; how many times 
must a string of the same kind vibrate to produce the octare 1 the fifth 1 
the minor third 1 the major third 1 Am. 200; 150; 120; 145. 

(5.) Supposing that two sounds, with all their attending circumstances 
similar, reach an ear situated at the point of interference of the undula- 
tions, — what will be the consequence 1 {See Not, 653 and 664.] 

(6.) The length of a string being 36, what will be length of its octaTe 1 
fifth 1 fourth 1 major and minor thirds 1 Ans. 18; 24; 27; 28.8; W. 

(7.) A stone, being dropped into a pit, is heard to strike the bottom in 
7 seconds ; how 4eep was the pit ? Ana. By Algebra, 660 A 

[N. B. In estimating the velocity of sound, it is generally reokoned in 
practioe as only at 1090 feet per second, supposing the thermometer at the 
freesing point ; and one foot per second is added for every degree of tern- 

Crature above the freezing point,^or Z7P, The average rate of 1120 feet 
8 been assumed in the text.] 
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(8.) Sappoee th»-ieiigth of a miuio^riiig to be fire feet ; wb«t irUl ba 
fite length of the I5tfa, all other eirciiiDstanees being eqaal 1 An9. 4in. 

(9.) The length of tike fifth being four, what will be the length of tte 
fhndameotal, or tonic ? Aiu, 4 

(10.) Wbac mast be the length of a pipe ef an open diapason to pfoda— 
the same tone with four foot G of the stopped diapason 1 Ans, 4Jt 

[N. B. The' open diapason consists of pipes open at both ends ; the 
stopped diapason has its pipes closed at one end. ISee No, 695 (5).] 

(11.) In what proportion are the ribrations of two strings of equal 
bngth and diameter, one stretebed with a weight of twenty-five pmrnda, 
the other with a weight of fifty pounds 1 [8es JTo. tm (8>] Ahm. 1 1» 1.41 + 

(12.) In what proportion are the Tibratioas of two string of eqoal 
length and tension, but haTing diameters in the proportion of 3 to 5 1 

Afu. Gto& 

What is Py- 697. PtRONOMICS, 0& THJB LaWS OF 

ronomtcs. Hbat. — PyronomicB is the science which 
treats of the laws^ the properties and operations of heat. 

What is heat ^^^* ^^ nature of heat is unknown, bat it 
^ whoi is its has been proved that the addition of heat to anj 
^ ' substance produces no perceptible alteration in 

tke weight of that substance. Hence it is inferred that heat is 
imponderable. 

699. HeatisnndonbtedlyapontiTesDbstance, 
^^^^ is coldf or quality. Gold is merely native, being (mly 
the absence of heat. 

What effea '^^^' ^®** porrades all bodies, insinuating 

has heat on all itself, more or less, between their particles, 
^^ and forcing them asunder. Heat and the 

attraction of cohesion constantly act in opposition to each 
other; hence, the more a body is heated, the more its par- 
oles will be separated. 

TOl. Heat causes most substances to dilate or expand, wbite 
^Id (which is merely the absence of heiat) causes them to contract.* 
Since there is a continual change in the temperature of all bodies 
^^ the sur&ce of the earth, it necessarily follows that tibere will be 
A constant corresponding change in their magnitude as they are 
affected by heat and cold. They expand their bulk in a warm day, 
^d contract it in a cold (»ie. In warm weather the flesh swells, 

♦ The exoeptions to this remark are wai» and clay. Water taepands when 
^t frttzn ; olay contracU when heated, 

16* 
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the blood-vessels are well filled, the hands and the feet, as well ai 
other parts of the body, expand or acquire a degree of plampnees, 
and the skin is distended ; while, on the contrary, in cold weather 
the flesh appears to contract, the vessels shrink, and the skin 
appears shriveHed. Hence a elove or a shoe which is too tight in 
tne summer will often be found to be easy in cold weather. 

702. The effect of heat in separating the particles of ^different 
kinds of substances is seen in the melting of solids, such as metals, 
wax, b«tter, &c. The heat insinuates itself between the particles, 
and forces them asunder. These particles then are removed from 
that degree of proximity to each other within which cohesive attrac- 
tion exists, and the body is reduced to a fluid form. When the 
heat is removed, the bodies return to their former solid state. 

Wh/it let d f *^^^" ^®** passes through some bodies with 

bodies arrest more difficulty than through others, but there is 

the progress no kind of matter which can completely arrest iia 

•^ progress. 

What is 704. Of all the effects of heat, that produced upon 
steam t water is, perhaps, the most familiar. The particles 
are totally separated, and converted into steam or vapor, and 
their extension is wonderfully increased. The steam which 
arises from boiling water is nothing more than portions of the 
water heated. The heat insinuates itself between the par- 
ticles of the water, and forces them asunder. ' When deprived 
of the heat, the particles will unite in the form of drops of 
water. 

This fact can be seen bv holding a cold plate over boiling water. 
The steam rising from tho water will be condensed into drops on 
the bottom of the plate. The air which we breathe genehilly con- 
tains a considerable portion of moisture. On a cold day this 
moisture condenses on the glass in the windows, and b^mes 
visible. We see it also collected into drops on the outside of a 
tumbler or other vessel containing cold water in warm weather. 
Heat also produces most remarkable effects upon air, causing it to 
expand to a wonderful extent, while the absence of heat causes it 
to shrink or contract into very small dimensions. 

705. The attraction of cohesion causes the 

vapor to unite together in the form of drops of 
water. It is thus that rain is produced. The clouds consist of 
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Jitist or vapor expanded by heat. They rise to the oold re^^oiM 
of the skies, where the particles of vapor lose their heat, and 
then, uniting in drops, fall to ^e earth. Bnt so long as the/ 
retain their heat the attraction of cohesion can have no inflnenoe 
upon thcon, and they will continue to exist in the form of steain« 
vapor or mist. 

706. The thermometer, an instmment designed to measure degrees 
of heat, has already been described, in connexion with the barom- 
eter, ander the head of Pneumatics. Heat, under the name of 
caloric, is properly a subject of consideration in the science of 
Chemistry. It exists in two states, called, respectively, free heat 
and latent heat. Free heat, or free caloric, is that which is per> 
eeptible to the senses, as the heat of a fire, the heat of the sun, &c. 
latent heat is that which exists in most kinds of substances, but is 
Qot perceptible to the senses until it is brought out by mechanical 
or chemical action. Thus, when a piece of cold iron is hammered 
npoD an anvil, it ^becomes intensely heated ; and when a small 
portion of sulphuric acid, or vitriol, is poured into a vial of cold 
water, the vial and the liquid immediately become hot. A further 
illnstration of the existence of latent or concealed heat is given at 
the fireside every day. A portion of cold fuel fs placed upon the 
grate or hearth, and a spark is applied to kindle the fire which 
warms us. It is evident that the heaf given out by the fuel, when 
igmted, does not all proceed from the s^ark, nor can we perceive it 
iQ the fuel ; it must, therefore, have existed somewhere m a latent 
^te. It is, however, the effects of free heat, or free caloric, which 
^ embraced in the science of Pyronomics. The subject of latent 
heat belongs more properly to the science of Chemistry. 

707. The terms heat and cold, as they are generally used, are 
Merely relative terms ; for a substance which in one. person would 
excite the sensation of heat might, at the same time, seem oold to 
uiother. Thus, also, to the same* individual the same thing may be 
^^e to appear, relatively, both warm and cold. If, for instance, a 
person were to hold one hand near to' a warm fire, and the other on 
^ cold stone, or marble slab, and then plunge both into a basin of 
^^^ewarm water, the liquid would appear cold to the warm hand 
wid warm to the cold one. 

What or the' '^^^' SOURCES OP Heat. — The four prin- 
prtndpal cipal sourccs of the developmeiit of heat are 

Cr ^"^ *^® S^^' Electricity, Chemical Action and Me- 
chanical Action. The heat produced by fixe 
^ flame is due to chemical action. 
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What ' th *^^' ^^' ^^ ^ ^^ BOUFces from wliidi heat 

tource of the has been developed bj human agency, that pro- 
greatnt degree duced bj electeioal action, i&id especially the 
"^ ' galvanic battery, is by far the most eminent in 

ito degree and in its effects. It can reduce tlie most refractory 
substances to a fluid state, or convert them to their original 
elements. 

710. The heat generally ascribed to the sun is attended by 
peculiar phenomena, but imperfectly understood. It may, perhaps, 
be qaestioned whether there be any absolute heat in the rays of 
that luminary, for we find that the heat is not hi all cases proper- 
ticmate ta his proximity. Thus, on the tops of high mountauis, 
and at great elevation, it is not found that the heat is incveaBed, 
but, on the contrary, diminished. But there are other phenomem 
which lead to the conclusion that his rays are accompanied by the 
development of heat, if they are not the cause and the source of it. 

711. All mechanical operations are attended by heat. iVictkm, 
sudden compression, ^violent extension, are all attended by beat. 




si^s of heat ; and an iron bar may be made red hot by beating it 
quickly on an anvil. Even water, when strongly compressed, gives 
out heat. 

What are the '^^^- ^he principal effects of heat aw 

principal ef- three, namely : 

feds of heat ? ^;|^^ ^^^^ expands most substances. 

(2.) It converts them from a solid to a fluid state. 
(3.) It destroys their texture by combustion. 

713. There are many substances on which ordinary demes of 
heat, and, indeed, heat of great intensify, seems to produce no 
sensible effects \ and they, have, therefore, received the name of 
incombustible bodifis. Bodies usually called incombustible are 
generally mineral substances, such as stones, the earths, &c. AH 
vegetable substances, and most animal substances, are. highly com- 
bustible. The metals also all yield to the electrical or galvanie 
battery. But there is sufficient evidence that all bodies were oooe 
in a fluid or gaseous state, and that the solid forms that they have 
assumed are due to the loss of heat. Could the same degree of 

* Syringes have been constraotod on thii prinolple A solid piston 
being foroiblj driven downward on dry tinder, ignites it 
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bteositjr of heat be reaiored, it it pnanmed that ihej would nmuM 

their liquid or gaseous form. 

"f^tL^ 714. Heat tends to diffbse itself eqvallj through 

heait all Bobstanees. 

If » heated body be placed near a cold one, the temperature of 
the former will be lowered, while that of the latter will be raised. 
All substances contain a certain quantity of heat ; but, on account 
of Its tendracy to diffuse itself equally, and the difference in the 
I>ower of different substances to conduct it, bodies of the same 
aMolute temperature appear to possess different degrees of heat. 

Thus, if the hand be successively applied to a woollen garment, a 
mabo^y taUe, and a marble slab, all of which have been for some 
ume m the same room, the woollen garment will appear the.wamiest, 
and the marble slab the coldest, of the three articles ; but, if a ther- 
mometer be applied to each, no diflbrence in the temperature will 
beobeenred. . 

^^^ u the 715. From this it appears that some subitanees 

reason that conduct heat readily y and others with great dif* 
itances feel ficudty* The reason that the marble slab seems 
uurmontf the coldest is, that marble, being a good con- 

^^ cold in dactor of heat, receives" the heat from the hand ' 

* so readily that the loss is instantly felt by the 
°^^^ ; while the woollen garment, being a bad conductor of 
^^t, receives the heat £rom the hand so slowly that the los9 is 
imperceptible. 

*^^ is the 716. The different power of receiving and 

eUfferSice conducting heat, possessed by differenfsubstances, 

the warmth of is the cause of the difference in the warmth of 
^^^ gor- various substances used for clothing. 

Why are '^^^' ^^ woollen garments are warm gar- 

vfooUen gar- ments, because they part slowly with, the heat 

|« ttwnn, ^Iji^l^ they acquire from the body, and, conse- 
^^hnen,coolf' ^i ^/ * ^ ,., . 

quently, they do not readily convey the warmth 

of the body to tJhie air ; while, on the contrary, a linen garment 

^ a cool one, because it parts with its heat readily, and as read* 

ily receives fresh heat from the body. It is, therefore, con- 

>taDtly receiving heat from the body and throwing it out iata 
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the air, while the woollen garment retains tlie heat which 
receives', and thus encases the bod j with a warm covering. . 

718. For a timilar reason, ice in sammer is wrapped in vooUei 
ditths. It is then protected from the heat of the air, and will n( 
melt. • 

How is heat 719. Heat is propagated in two ways, namelyj 
fropagated. by oondaction and by radiation. Heat is props 
gated by conduction when it passes from one substanee to^ 
another in contact with it. Heat is propagated by radiation 
when it paisses through the air, or any other elastic fluid. 

720. Different bodies conduct heat with dIfie^ 
Wkca we the ent degrees of facility. The metals are the best 
^noTh^ltf oonductors; and with regard to their conducting 

power, stand in the following order, namdy : Gold, 
platinum, silrer, copper, iron, zinc, tin, lead. 

.721. Any liquid, therefore, may be more readily heated id a 
silver vessel than in any other of the same thickness, except one of 
gold, (HT of platinum, on account of its great conducting power. 

Why are the *^^^' Metals, on account of their condoetiDg 
handles of tea power, cannot be handled when raised to a tempe- 
^^£Z^) rature above 120 degrees of Fahrenheit. For this 
re^on, the handles of metal tea-pots and coffee- 
pots are commonly made of wood ; since, if they were made of 
metal, they would become too hot to be grasped by the hand, 
soonjafter the vessel is filled with heated fluid. 

723. Wood conducts heat very imperfectly. For this resaoot 
wooden spoons and forks are preferred for ice. Indeed, >so imper- 
fbct^a conductor of heat is wood, that a stick of wood may be grasped 
by the hand while one end of the stick is a burning coal. Bal ao 
iron bar, beine a good conductor of heat, cannot be handled near 
the heated end. 

724. Animal and vegetable substances, of a loose texture, such 
as fur, wool, cotton,^., conduct heat very imperfectly, hence their 
efficacy in preserving the warmtl; of the body. Water beoomefl 
scalding hot at 150 oegrees ; but air, heated far beyond the tempe- 
rature of boiling water, may be applied to the skin Without much 
pain. Sir Joseph Banks, with several other gentlemen, remained 
some time in a room when the heat was 52 degrees above the boiling 
point ; but, though they could bear the contact of the heated air 
they oould not touch any metallic substance, as their watch-chains 
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moDoj, &c. E^g9, placed on a tin frame, were routed hard in 

twenty minutes ; and a beef-steak was oyerdone in thirtj-tbree 
miDutes. 

725. Chantrey, the celebrated seolptor, bad an oven which he 
used for drying his nlaster cuts and moulds. The thermometer gen* 
erally stood at 3Q0 degrees in it, yet the workmen entered, and 
remained in it some minutes without difficalty ; but a gentleman 
once entering it with a pair of silver-mounted spectacles on, had his 
face burnt where the metal came in contact with' the skin. 

726. The air, being a bad conductor, never radiates heat, nor is 
it ever made hot by the direct rays of the sun. The air which comes 
in contact with the surface of the earth ascends, and warms t^e air 
through which it passes in its ascent. Other air, heated in the 
^me way, also ascends, carrying heat, and this process is repeated 
till all the air is made hot. 

727. In like manner, in cold weather, the air resting on the earth 
is made cold by contact. This cold air makes the air above it cold, 
and cold currents (or wind) agitate the mass together tiU a uniform- 
temperature is produced. 

jr . , 728. Heat is reflected by bright substanoes, and 

Tweeted? ^6 angle of reflection will be equal to the angle 
of incidence. 

729. Advantage has been taken of this property of heat in the 
coDstmction of a simple apparatus for baking.. It is a bright tin 
c&M, having a cover inclined towards the fire in such a manner as 
to reflect the heat downwards. In this manner use is made both of 
the direct heat of the*fire, and the reflected heat, which would other- 
^^iM psss into the room. The whole apparatus, thus connected with 
the culinary department, is called, in New England, '* The Connect- 
icut baker, '^ 

730. This power of reflecting heat, possessed by bright sub- 
Btanoes, is the reason why andirons and other articles that are kept 
bright, although standing very near the fire, never become hot ; 
^lie other darker substances, further from the fire, become hot. 
^ut, if they are not bright, heat will penetrate them. 

731.' The reflecting power of bright and light-colored substances 
*®ooants also for the superior coolness of white and' light-colored 
fiibrics for clothing. 

Why are dark ^^"^^ -^^^^^ ^^^ dark-colored surfaces absorb 
garments heat. This is the reason why black and dark- 
tftf^T^^*^'* colored fabrics 'are warmer when made into gar- 
ments than those of light color. 

733. Snow or ice will melt under a piece of black cloth, while 
^t vould remain perfectly solid under a white one. The farmers in 
■ome of the mounUinous parts of Europe are accustomed to spread 
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black earth, or soot, over the snow, in the spring, to hasten its 
melting, and enable them to commence ploughing. 

W'^ #«J*«» ^^ 784. The density of all substances ia aug- 
ntbsi€mcesf men ted by cold, and diminished by heat. 

There is a remarkable exception to this remark, and that is in the 
case of water ; which, instead of contracting, expands at the freez- 
ing point, or when it is frozen. This is the reason why pitchers, 
and other vessels, containing water and other similar fluids, are so 
often broken when the liquia freezes in them.. For the same reason, 
ice floats instead of sinkmg in water ; for, as its density is dimin- 
ished, its specific gravity is consequently diminished. Were it not for 
thif* remarkable property of water, large ponds and lakes, exposed 
to intense cold, would become solid masses of ice ; for. if the ioe, 
when formed on the surface, were more dense (that is, more heavy) 
than the water below, it would sink to the bottom, and the water 
above, freezing in its turn, would also sink, until the whole body 
of the water would be frozen. The consequence would be the total 
destruction of all creatures in the water. But the sj^ific gravity 
of ice causes it to continue on the surface, protecting the water 
below from congelation. 

,,„ 735. Cold is merely the absence of heat ; or rather, 

What ts 

f^l^t more properly speaking, inferior degrees of heat are 

termed ccM. 

736. The effect of heat and cold, in the expansion and contrac- 
tion of glass, is an object of common observation ; for it is this 
expansion and contraction which cause so many accidents with glass 
articles. Thus, when hot water is suddenly poured into a cold glass 
of any form, the glass, if it have any thickness, will crack ; and, 
on the contrary, if cold water be poured into a heated ^lasa vessel, 
the same effect will be produced. The reason of which is this ; 
neat makes its way but slowly through glass; the inner surface, 
therefore, when the hot water is poured into it, becomes heated, 
and, of course, distended before the outer surface, and the irregular 
expansion causes the vessel to break. There is less danger of frac- 
ture, therefore, when the elass is thin, because the heat readUy pen- 
etrates it, and there is no irregular expansion. 
' 737. The ^lass chimneys, used for oil and gas burners, are often 
broken by being suddenly placed, when cold, over a hot flame. The 
danger of fracture may be prevented (it is said) by making a mi- 
nute notch on the bottom of the tube with a diamond. This precao- 
tion has been used in an establishment where six lamps were lighted 
every day, and not a single glass has been broken in nine years. 

What bodies retain 738. Different bodies require different qnan- 
heat the Itmgest ? titles of heat to raise them to the Panie tern- 
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peratnre ; and thoee wbidi are heated with most diffioultf retaia 

their heat the longest. 

Thus, oil becomes heated more apeedilj than water, and it 
likewise cools more qoicklj. 

739. The most obvioas and direct effect of heat on a body 
is to increase its extension in all directions. 

740. Coopers, wheelwrights and other artificers, avail theraseWes 
of this property in fixing iron hoops on casks, and the tires or irons 
on wheels. The hoop or tire, having been heated, expands, and, 
beiDg adapted in that state .to the cask or the wheel, as the metal 
contracts m cooling it clasps the parts veiy firmly together. 

741. From what has been stated above, it wUl m seen that an 
allowance should be made for the alteration of the dimensions in 
metallic beams or supporters, caused by the dilatation and contraction 
e^ted by the weather. In the iron arches of Southward Bridge, 
over the Thames, the variation of the temperature of the air causes 
ft difference of height, at di^rent times, amounting to nearly an inch. 

A happy application of the expansive power of heat to the mechanic 
J|rt8 was made some years ago^ at Paris. The weight of the roof of a 
baildme, in the Conservatory of Arts and Trades, had pressed out- 
wards toe side walls of the structure, and endangered its security. 
The following method was adopted to restore the perpendicular 
direction of the structure. Several apertures were made in the 
walls, opposite to each other, through which iron bars were intro- 
duced, which, stretching across the building, extended beyond the 
outside of the walls. These bars terminated in screws, at each end, 
to which large broad nuts wero attached. Each alternate bar was 
then heated by means of powerful lamps, and their lengths being thus 
increased, the nuts on the outside of the building were screwed up 
jjose to it, and the bars were suflered to cool. The powerful con- 
vaction of the bars drew the walls of the building closer together, 
ftod the same process being repeated on all the bars, the walls were 
S'ftdQally and steadily restored to their upright position. 

prn^ . 742. The Pyrometer is an instrument to 

Pyrometer? ^^^ ^^® expansion of bodies by the applica- 
tion of heat. 

It consists of a metallic bar or wire, with an index connected 
'nth one extremity. On the application of heat, the bar expands, 
^i tarns the index to show the degree of expansion. . 

743. Wedgewood*s pyrometer, the instrument* commonly 

*^ for high temperatures, measures beat by the contraction of 
day. 

17 
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Wha effkt "^^ ■'■*'® s^tp^^i*^ oansed by best m 
hai hcatvn solid and liquid bodies differs in different snb- 
Mv In^ Btances j bat aeriform fluids all expand alike, 
toIid,liipiid and &T\d undergo uniform degrees of expansion at 
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3 temperatures. 



745. The expansion of Bolid bodies depends, in some degree, on 
the ouliesion ut tlieir paiticlea ; but, as enaes and vapors are Ata,& 
tute of cobeeion, heat operates on Cbem uithout anj opposing power. 
746. When heat is applied to water nr other 
What effect liquids, it converts thetn into steam or vapor. The 
the farm'^of deprivation of heat reconverts them into the liquid 
Hgwd bodies ' form. It is on this principle that distillation takes 

pl.0.. 

What it a 7^T. The vessel employed for distillation is called 
sniir „ Still.* 

Kg. 107. 



Explain 748, Fig. 107 represents a Sfi??. A liquid being pound 

^' ' mto the large vessel a, heat ia applied below, which 
converts the liquid gradually into steam or vapor, which, li&viDg 
no othei- outlet, passes through the spiral tube, called the worm, 
in veasel b, and from b through another worm, in c. The worm, 
being surrounded with cold water, condenses the vapor in the 
tube or worm, and reconverts it to a fluid state, and it flotre out 

• fhs ■nbjsot of diitillation proper!; b«lDngi to tb« •dtoee of Cheniftr;, 
but it ta-btre iDtrixliivsd loi Uie btmSt ot then who oacQDt nadilf nl*r 
to B tnaliK ou tbat lubJMt. 
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tt e in a tepid stream. The worm is of different lengths, and ili 
onljnse 10 to present a large extent of surface to the cold water, 
80 that the vapor may readily be oondensed. 

749. The process of distillation is sometimes ased to porify a 
liquid, as the vapors which rise are amnixed with the impurities of 
the fluid. Important changes are tiius made, and the still becomes 
highly useful m the arts. 

At what iemr 750. When Water is raised to the tempera- 
^^i^vert-^ ture of 212* of Fahrenheit's thermometer, it 
ed into steam? is converted into steam. It is then highly 
elastic and compressible. ^ 

Wj^ai effect *^^^' ^^® elastic force of steam is increased 
has hea^upon by heat ; and decrease of heat diminishes it. 

The amount of pressure which steam* will exert 

depends, therefore, on its temperature. 

•pm. . , 752. The temperature of steam is always the 

temperature same with that of the liquid from which it is 

. of confined formed, whUe it remains in contact with that liquid ; 

and when heated to a great degree, its elastic force 
will cause the vessel in which it is contained to burst, unless it 
u made sufficiently strong to resist a prodigious pressure. 

753. It has already been stated that water is converted into 
B^eam at the temperature of 212^. When closely confined it may be 
'^sed to a higher temperature, and it will then emit steam of 
gi'eatly increased elastic force. 

^fow M steam ^^'^' When any portion of steam comes in 
condensed? contact with water, it instantly parts with its 
lieat to the water, and becomes condensed into water. The 
whole mass^hen becomes water, increased in temperature 
V the amount of heat which the steam has lost. 

On what prop- 755. This is the great and peculiar property 
^ty do the of steam, on which its mechanical agencies de- 

fnechanteai i , . y. ,. jl« j; 

agencies of p^nd, namely, its power of exertmg a nign 
tteam depend? degree of elastic forcey and iQsinff it itistan- 
(afieouabf. 
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ffowmiythe 75^- There are two ways in l^hieh steam 
mechanical J3 made instantly to lose its mechanical force *; 

force of steam 1 ^ ^ t * jj 1 

be imtantly namely, first, by suddenly opening a passage 
destroyed! for its escape into the open air, where it imme- 
diately becomes visible,* by a sudden loss of part of its heat, 
which it gives to the air ; and secondly, by conveying it to 
a vessel called a condenser, where it comes directly'^ into 
contact with a stream of water, to which it instantly gives 
up its heat and is condensed into water. 

What. space ^^^' Steam occupies a spjwe about seven- 
does steam oo- teen hundred times larger than when it is con- 
^^^ • verted into water. ^ But the space that a given 

quantity of water converted into steam will occupy^ depends 
upon the temperature of the steam. The more it is heated 
the greater sp^x^ it will fill, and the greater will be its 
expansive force. 

What is the 758. Thb Stbam-kngine. — *The Steam- 
Steam-enginef ^^^^^ is a machine moved by the exf^ire 

force of steam. 

• 

In what man- 7^^* ^® mode in which steam is made to act 
ner is steam is by causing its expansive force to raise a solid 
made to act . pjgton accurately fitted to the bore of a cylinder, 
like that in the forcing-pump. The piston rises by the impulse 
of expanding steam, admitted' into the cylinder below. When 
the piston is thus raised, if the steam below it be suddenly con- 
densed by the admission of cold water, or withdrawn from under 

* Steam in a highly elastic state — that is, when at a high temperature — 
is perfectly dry and invisible. The reason that we are abl0>to see it after «t 
kas performed its work and issues from the sj^am-engine is, that as soon as it 
oomes in contact with the air it immediately parts with a portion of its 
heat (and, because air is not a good conductor, only a portion), and is con- 
densed into small vesicles, which present a visible form, resembling smoke. 
Its expansive force, however, is not wholly destroyed; for the vesicles them-> 
selves expand as they rise, and soon become invisible, mingling with other 
vapois in the air. Gould we look into the cylinder, ^/ed with highly elastio 
steam, we should be able to see nothing. But, that the steam is there, and 
*n its invisible form exerting a prodigious force, we know by the rnqrements 
^he piston 
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it» 8 Yvnnim will be fonned, and thev^reifeare of the atmosphere 
ob t&e piston^above will drive it down'. The admission of more 
stann Ddbir;will raise it again, and thus a continued motion 
of tbe DJsfoy, up and -down, will be produced. This motion of 
th^iston is conmiunicated to wheels, levers, and other machiner j, 
in sach a manner arto. produce the effect intended. 

Bmp vHu tht 760. This is the mode in which the engine of 
o/New(^^i Newcomen and Savery, commonly called the at- 
ond Sivery mospheric engine, was constructed. It was called 
cmstmciett . ^^ atmospheric engine because half of the work 
was done by the pressure of the atmosphere, namely, the down* 
ward motion of the piston. 

Wharhnprove- 761. The celebrated Mr. James Watt intro- 
Wattmake ' ^^°^ ^^^ important improvements into the steam- 
the steam-en- engine. Observing that the cooling of the cylinder 
^^ ' by the water thrown into it to condense the steam 

les&ned the eKpan^ibility of the ' steam, he contrived a method 
to withdraw the steam from the principal cylinder, afler it had 
performed its office, into a condensing-chamber, where it is recon- 
verted into water, and conveyed back to the boiler. The other 
improvement, called the dauhU action, consists . in substituting 
the expansive power of steam for the atmo^herio pressure. This 
^^fts performed by admitting the steam into the cylinder above 
the raised piston, at the same moment that it is removed from 
Mou> it ; and thus the power of steam is exerted in the descend* 
^ as well as in the ascending stroke of the piston ; and a much 
greater impetus is given to the machinery than by the former 
Method. From the double action of the steam above, as well as 
^^eUno the piston, and from the condensation of the steam after 
It has performed its office, this engine is called Watt's double" 
Qcting condensing steam-engine. [See also, No. 766.] 

^lain 762. Fig. 108 represents that portion of the steam- 

^' engine in which steam is made to act, and propel such 

Machinery as may be connected with it. It also exhibits two 

17* 



398 



MAXURAl PHILOSOPHY. 




fanprovements o£ Mr. Watt. 
The principal parts are the 
boiler, the ojlinder and its 
piston, the condenser, the 
air-pump, the steam-pipe, 
the eduction-pipe, and the 
cistern. In this figure, A 
represents the boiler, C 
the cylinder, with H the 

piston, B the steam-pipe, with two brajiches^ oommunicatiiig 
with the cylinder, the one above and the other below the piston. 
This pipe has two valves, Fand G, which are opened and. closed 
alternately by machinery connected with the piston. The steam 
is carried through this pipe by the valves, when open, to the 
cylinder, both above and below the piston. K is the eduction- 
pipe, having two branches, like the steam-pipe, furnished with 
valves, &c., which are opened and shut by the same machinery. 
By the eduction-pipe the steam is led off from the cylinde^, as 
the piston ascends and descends. 

L is the condenser, and a stop-cock for the admission of oold 
water. M is the pump. N is the cistern of cold water in which 
the condenser is immersed. B is the safety-valve. Whea the 
valves are all open, the steam issues freely from the boiler, and 
circulates through all the parts of the machine, expelling the 
air. This process is called blowing out, and is heard when a 
steamboat is about starting. 

Now, the valves F and Q being closed, and G and P remain- 
ing open, the steam presses upon the piston and forces it down. 
As it descends, it draws with it the end of the working-beam, 
which is attached to the piston-rod J (but which is not repre- 
sented Jn the figure). To this working-beam (which is a lever 
of the first kind) bars or rods are attached, which, rising and 
falling with the beam and the piston, open the stop-cocL 0, ad- 

* The steam and the eduction pipes are sometimes made in forma iiffering 
from tlioso in the figure, and thej diffor muoh in different engines. 
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mfctliig a stream of col^ water, which meets the steam from the 
eylinder and oondenses it, leaviog no force below the piston to 
oppose its descent. At this moment the rods attached to the 
working-beam close the stop-cocks Q and P, and open F and Q, 
The steam then flows in below the piston, and rushes from aboYO 
it into the condenser, by which n^ans the piston is forced up 
again with the same power as that with which it descended. 
Thus the steam-cocks G and P and F and Q are alternately 
opened and closed ; the steam passing from the boiler drives the 
piston alternately upwards and downwards, and thus produces 
a regular and continued motion. This motion of the piston, 
being communicated to the working-beam, is eztended to other 
machinery, and thus an engine of great power is obtained. 

The pump M, the rod of which is connected with the working- 
beam, carries the water from the condenser back into the boiler, 
by a communication represented in Fig. 109. 

The safety-yalye R, connected with a lerer of the second 
kind, is made to open when the pressure of the steam within the 
boiler is too great. The steam then rushing through the aperture 
onderthe valve, removes the danger of the bursting of the boiler. 

How is (he 763. The power of a steam-engine is gen- 

sieam-entrine ©rally expressed by the power of a horse, 
estimated f ' which Can raise 33,000 Iba. to the height of 
one foot in a minute. An engine of 100 horse power is 
one that will raise 3,800,000 lbs. to the height of one foot 
in one minute. 

What are the 764. The steam-engine is constructed in va- 

Jf^^ 'l.L« . riovLR forms, and no two manufacturers follow- 
steam-^ngines ^ ' - ^ 

and how do they ing exactly the same pattern ; but the two prin- 
differl q\j^^\ kinds are the high and the low pressure 

engines, or, as they are sometimeis called, the non-condensing and 
the condensing engine^. The non-condensing or high-pressure 
engines differ from the low-pressure or condensing engines in 
having no condenser. The steam, after having moved the piston, 
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fa [et off into the open ailr. As this ku^ of engine oeeapies kn 
Bpaee, and is ranch less oomplioated, it is generallj nsed on xail- 
Toads. In the low-pressnre or condensing engines, the steam, 
after having moved ^e piston, is condensed, or converted into 
water, and then conducted back into the boiler. 

«„ , 765. The steam-engine, as it is constructed 

Who were the ^ . , , . , , ^ i . 

principal im- ^^ ^^® present day, is the result of the mventiODS 

pr overs of ike and discoveries of a number of distinguished indi- 

sieam-engtne. yj^^jjg^ ^^ diflferent periods. Among those who 

have contributed to its present state of perfection, and its ap- 
plication to practical purposes, may be mentioned the names of* 
Somerset, the Marquis of Worcester, Savery, Newcomen, Fulton, 
and especially Mr. James Watt. 

7C6. To the inventive genius of Watt the engine is indebted for 
the condenser J the anpendages for parallel motion^ the application of 
the governor^ and tor the double action. In the words or Mr. Jeffirey, 
it mav be added, that, *' by his admirable contrivances, and those of 
Mr. fulton, it has become a thing alike stupendous for its force and 
its flexibility ; for the prodigious power it can exert, and the ease 
and precision and ductility with which it can be varied, distributed, 
and applied. The trunk of an elephant, that can pick up a pin, or 
rend an oak, is as nothine to it. It can engrave a seal, and crush 
masses of obdurate metal before it; draw out, without breaking, a 
thread as fine as gossamer, and lift up a ship of war like a bauble 
in the air. It can embroider muslin, and forge anchors ; cut steel 
into ribands, and impel loaded vessels against the fury of the winds 
and waves."' 

Explain 767. Pig. 109 represents Watt's double-acting condena- 
^ ^' ^' ing steam-engine, in which A represents the boiler, con- 
taining a large quantity of water, which is constantly replaced as 
fast as portions are converted into steam. B is the steam-pipe, 
conveying the steam to the cylinder, having a steam-cock b to 
admit or exclude the steam at pleasure. 

C is the cylinder, surrounded by the jacket c c, a space kept 

constantly supplied with hot s)?eam, in order to keep the cylinder 

from being cooled by the external air. D is the eduction-pipe, 

comipunicating between the cylinder and the condenser. E if 

he condenser, with a valve e, called the injection-cock, admitting 
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s jet of cold mter, which meets (he steam the instant thftt the 
Bicwn enten the condenser. F is the air-pvmp, which is a com- 
mon rootitm-piimp, bat ii here called ihe air-pump became it 
remoTes from the condenser not only the water, but alao the air, 
and the steam that escapes condensation. 6 O is a cold-water 
dstcrn, which surroaada the condenser, and supplies it with cold 
water, b^ng filled bjr the cold-water pomp, which is represented 

Us. UB. 



by S. I-is the hot well, containing water from the condenser. 
R is the hot-water pump, which 'conveys back the water of eon- 
densation from the hot well to the boiler. 

L L are levers, which open and shut the valves in the chan' 
uel between the steam-pipe, cylinder, edactioc-pipe, and ccn- 
denser ; which levers are raised or depressed by projections 
attached to the piston-rod of the pump. M M ia an apparatus 
for ohangiug the oirculnr motion of the working-beam into par- 
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tUel modgn.M that Uie piston-rods u« nude to more in a Btn^^ 
line. M N is the working-beam, which, being moved bj the 
linng and falling of the piston attached to one end, oonunanW 
sates motion to the fly-wheel by means of the crank F, and from 
Ibe flj-vheel the motion ia conunnnicated by band^ wheels of 
levers, totbe otherpartsof themachinery. OOisthegoTernor. 

The goveraof, being connected with the fly-wheel, is made to 
participate the commcn motion of the engine, and the balls will 
remain at a constiuit distance from the perpendicular ehafl so 
long as the motioa of l^e engine is uniform ; but, whenever the 
mgiqe moves &ster than usual, the balls will recede further &01B 
the shaft, and by partly closing a valve connected with the 
boiler, will diminish the supply of steam to the cylinder, and 
thus reduce the speed to the rate required. 

The stesm-cngioe thus constructed is applied to boats to turn 
wheels having paddles attached to their circumference, which 
tnswer the purpose of oars. [See Fig. 110.] It is used also 
in work-shopa, factories, &c. ; and different directions and veloc- 
ities may be gjven to the motion produced by the action of the 
■team on the piston, by connecting the piston to the beam with 
vheela^ axles and levers, according to the principles stated 
under the head of Mechanics. 

Steamboats are used prinmpallyon rivbrs,in harbors, bays, and on 
the coast. They are made of all sixes, and cany engines of diJ&reiil 
power, propoctioned to tb« sue of (he boat. 

Ihe BteaioBhip [See Fig. Ill], in addition to its steam-enpnec 
ni. lu. 
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and paddles, is rimd with masts and sails to iacrease the speed, or 
to make promss if the engines get out of order. 

The Propeller diflfers from a steam-boat or steam-ship, by hayine 
an immense screw projecting from under the stem of the ship, instead 
of paddle-wheels. The screw is caused to revolve by means of steam- 
engines, and forces the vessel forward by its action on thd water. 

What is the *^^^' ■"^^ locomotive engine is a Wgh- 
k^motive^ pressure steam-engine, mounts on wheels, 
ueam-engine. ^^ ^^^ ^ ^^ j^^^ ^^ ^ railroad, or other 

level road. It is usually accompanied by a large wagon, 
called a tender, in which the wood and water used by the 
engine are carried. 

Erplain 769. Fig. 112 represents a side view of the internal 
j*tg. 11^. cQjjgtnictioa of a locomotive steam-engine ; in which 
F represents the fire-box, or place where the fire is kept ; D 
the dooi^ through which the fuel is introduced. The E^ces 
marked B are the interior of the boiler, in which the water 
stands at the height indicated by the dotted line. The boiler is 
closed on all sides, all its openings being guarded by valves. 
The tubes marked p p conduct the smoke and flame of the fuel 
through the boiler to the chimney 0, serving, at the same 
time, to communicate the heat to the remotest part of th^ boiler. 
Sy this arrangement, none of the heat is lost, as these tubes are 
all surrounded by the water. S S S is the steam-pipe, open at 
the top Y S, having a steam-tight cock, or regulator, Y, whidi 
is opened and shut by the lever L, extending outside of the 
boiler, and managed by the engineer. , . 

The operation of the machine is as follows : The steam being 
generated in great abundance in the boiler, and being unable to 
escape out of it, acquires a considerable degree of elastic force. 
If at that moment the valve Y be opened, by the handle L, the 
steam, entering the pipe S, passes in the direction of the arrow, 
through the tube, and enters the valve-box at X. There a 
sliding-valve, which moves at the same time with the machine, 
opens for the steam a communication successively with each end 
of the cylinder below. Thus, in the figure, the entrance on the 
right hand of the sliding-valve is represented as being open, and , 
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the steam follows in the direction of the arrows into the cylinder, 
where its expansive force will move the piston P in the direo- 
iion of the arrow. The steam or air on the other side of the 
piston passes out in. the opposite direction, and is conveyed by a 
tabe passing through C C into the open air. 

The motion of the piston in the direction of the arrow causes 
the lever N to close the sliding-valve on the right, and open a 
communication for the steam on the opposite side of the piston 
P, where it drives the piston back towards the arrow, at the 
same time affording a passage for the steam on the right of the 
piiton to pass into the open air. 

Motion being thus given to the piston, it is communicated, by 
means of the rod R and the beam G, to the cranks K K, which, 
being connected with the axle of tlje wheel, causes it to turn, 
and ihus^move the machine. 

Thus constructed, and placed on a railroad, the locomotive 
Bteam-engine is advantageously used as a substitute for horse 
power, for drawing heavy loads. • 

^e apparatu&r of safety-valves, and other appliances for the 
*J*nagement of the power produced by the machine, are the 
*«ne in principle, though differing in form, with those used in 
olher steam-engines ; for a particular description of which, the 
"^e>it is referred to practical treatises upon the subject. 

Pl^ M the ^'^^' ^^^ Stationary Steam-engine. — 
^ form of This engine is generally a high-pressure or 
giw?^'^'*"' non-condensing engine, used to' propel mar 
chinery in work-shops and &ctories. As it is 
designed for a labor-saving machine, it is desirable to bom- 
wne simplicity and economy with safety and durability in 
Its construction ; and that form of this engine is to be pre- 
ferred which in the greatest degree unites these qualities. 

Describe the Sta- 771. The figure on page 207 represents 

tionmry Steam- Tuftq* stationary steam-engine,* with sections of 

^^^^' the interior. Like the double-acting condens- 

• Thk-^ffiiiA wM oonBtruoted by Mr. Otii TufU, of Bart Boston* Mm. 

18* 

••• • 

J 
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ing engine of Mr. Watt, desoiibed in Fig. 109, it is famished 
with a goveraor, by which the supply of steam is regdated; 
and, like the locomotive, Fig. 112, the cylinder, with its piston, 
Kts a horisontal position. The steam is admitted into the valve- 
box throngh an aperture at E, in the section^ and from thence 
passes into the cylinder through a sliding-valve, alternately to 
each side of the piston P, as is represented by the direction of 
the arrows, the sliding-valve being moved by the rod Y, commu- 
nicating with an " eccentric" apparatus attached to the axis of 
the fiy^'wheel. The direction of the current of steam to- the 
valve*box is represented by the arrow at I, and its passage out- 
ward from the cylinder, after it has moved the piston, is seen at 
0. In this engine there is no working-beam, as in Watt's 
engine, Fig. 109, but the motion is communicated from the pis- 
ton-rod to a crank connected with the fly-wheel, which, turning 
the wheel, will move all machinery connected either with the 
axle or the circumference of that wheel. 

Fig. 115 represents the Locomotive Steam-engine in one of 
its most perfect fi)rms, as used on railways at the present day. 

. 772. Optics. — Optics is the science which 

^ * treats of light, of colors, and of vision. 

How are all sub- 773. The science of Optics divides all sub- 

summ coraidr stances into the following classes: namely, 
ered in Optics ' -i . i i 

'^ luminous, transparent, and translucent; re- 

flecting, refriEUSting, and opaque. 

774. Lijminous bodies are those .which 

rVMU arc lUfMr «. Ill* 1*1. 1 .1 

nous bodies t snme by their own light; such as the sun, 

the stars, a burning lamp, or a fire. 

saofansetts. It is the engine used to propel the machinery at a late Fair 
of the Massaohosetts Meohanio Association, where it was very highly and 
justly commended for its beauty and simplicity of construction, and the 
perfectly " noiselesa tennr of its way,** The figure which represents it ia «n 
electrotype copy of a steel plate, designed by Brown & Harbrys, under the 
direction of Mr. Tufts. The electrotype copy was taken by Mr. A. Wilcox, 
Washington-street. Boston. The electrotype process will be noticed in a 
■vbsequent page of this volume. 
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What are irans- 775. Transparent eahstances are those 
parent sub- which allow light to pass through them 
freely, so that objects can be distinctly seen 
through them ; as glass, water, air, &C.'* 

776. Translucent bodies are those which 

them, but render jthe object behind them in- 
distinct; as horn, oiled paper, colored glass, &;c. 

What are re- '^77. Reflecting substances are those which 
fleeting svlh- do not permit light to pass through them; 

but throw it off in a direction more or less 
oblique, according as it Mis on the reflecting sur&ce ; as 
polished steel, looking-glasses, polished metal, &;c. 

,_ 778. Befractingsubstances are those which 

What are re- . ^i t i^ i. .^ . .. 

frading sub- ^^^^ ^^'^ ^S^^ "^^^ ^^ oouTse in its passago 
stances t through them; and opaque substances are 

those which permit no light to pass through them, as met- 
als, wood, &c. 

What is light? 779, It is not known what light is. Sir 
^^hr^^'^ ^^ ^^^^'^ Newton supposed it to consist of 
tpectinff the na- exceedingly small particles, moving from 
ture of light 1 luminous bodies; others think that it con- 
sists of the undulations of an elastic medium, which fills 
all space.f These undulations (as is supposed) produce the 

* No sabstanoe that exists on our earth is perfectly transparent, and light 
nut, therefore, neoesBarilj be impaired in its passaige throngh all transpa- 
rent media, and the dlniioation it suffers will vary as the medium is more 
or less transparent, and as the passage it makes is of greater or less length. 
The exaet ratio in which light is diminished has not yet been determined ; 
H is, however, an established fact, that even thosQ bodies which approach 
most nearly to perfect transparency become opaque when their thickness is 
Ooniiderably increased. 

t These two theories of light are called respectively the eorpuaeular and 
the undulatm-y theory. By the former the reflection of light is supposed tc 
tske place in the same manner as the reflection of solid elastic bodies, as 
has been explained under the head of Mechanics [see No. 165, page^ 49]. 
By the latter the propagation of light takes place from ejeiT luminous 
pohit, by means c f the undulatory movements of the ether. On this hypoth* 
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Bensation of light to the eye, in the same maimer as the 
vibrationB of the air produce the sensation of sound to the 
ear. The opinions of philosophers at the present day are 
inclining to the undulatorj theory. 

What is a ray 780. A raj of -light is a single line of 
of light t light proceeding from a luminous body. 

781. Rays of light are said to diverge 
MoiUo^verge] when they separate more ng.ne. 

widely as they proceed 
from a luminous body. 

Fig. 116 represents the 
^^ ^' rays of light diverging as they proceed from the 

luminous body, from F to D. 

782. It will be seen by this figure that, as light is projected in 
every direction, its intensity must decrease with the distance, and 
this decrease ifi determined by a fixed law. The light received apon 
any surface decreases as the square of the distance increases. 
Thus, if a portion of light fall on a surface at the distance of two 
feet from any luminary, a surface twice that distance will receive 
only one-fourth as much light ; at three times that distance, one- 
ninth ; at four times the distance, one-sixteenth, &c. Hence a per- 
son can see to read at a short distance from a single lamp much 
better than at twice the same distance with two lamps, &c. 

When are rays 783. Rays of light are said to converge 

com^ge?* when they approach each other. The point 

esis, the tocmts of light foUow the general lavs of the reflection of ftll 
elastic yluM^ff, and, accordingly, every wave from every point, when it im- 
pinges on any resisting oloject so as to be reflected, forms a new wave in iti 
course back, having its centre as much on the other side of the obstacle as 
the centre of the original wave was on this side. In the case of light the 
centre of the original wave is, obviously, the luminous point. There is a 
remarkable similarity, therefore, between the reflection of light, and echo^ 
or the reflection of sound. It has been shown, under the head of Acoustics, 
that when two waves meet under certain circumstances, the elevation of 
one wave exactly filling up the depression of another wave, produces whal 
is called the aeotutic paradox, namely, tioo sounds producing silence. It will 
readily be seen that the same undulatory movements in Optics will produce 
the same analogous effect ; or, in other words, that ttoo rays cf light ma^ 
produce darkness ; and this may, with equal propriety, be termed the optical 
paradox. But a clear understanding uf the principles involved in what 
is called respectively the hydrostatic, pneumatic, acoustic and optical para 
doz, shows that there is no paradox at all, bat that each is ti&e neoessaiy 
tMult of certain fixed and determinate laws. 



OFTKB. 218 

at which conyergmg rajs meet is called ^' ^^^' 

the focus. 





Fig. 117 represents con- 
Jj^ ^' verging rays of light, of 

which the point E is the focus. 

matisabeam 784. A beam of **'"*• 

*^ ^ • light consists of many 

rays running in parallel lines. 

E^hd:i Fig. pjg^ 11^ represents a beam of light. 

rtrt . . 785. A pencil of rays is a collection of 

dlofrays? diverging or converging rays. [See Figs, 

116 and 117.] 

1 hat A' *l^^' Light proceeding from a luminous 

^vm^ and with body IS projected forward in straight lines in 

mat rapidity^ every possible direction. It moves with a 
does bght move t 

. * rapidity but little short of two hundred thou- 
sand miles in a second of time. 

P 787. Every point of a luminous body is 

9f « luminous ^ centre, from which light radiates in every 
^y does light direction. Rays of light proceeding from 

different bodies cross each other without 
^^rfering. The rays of light which issue from terrestrial 
bodies continually diverge, until they meet with a refract- 
1^ substance; but the rays of the sun^ diverge so little, on 
^*<^unt of the immense distance of that luminary, that they 
*re considered parallel. 

„„ 788. A shadow is the darkness produced by 

thadow f ^he intervention of s^ opaque body, which pre- 
vents the rays of light from reaching an. object 
^hind the opaque body. 

^ 789. Shadows are of different degrees of 

^ofiiffereni darkness, because the light from other lumi- 
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^grem^dark- nona bodies reaches the spot Tfhere UsA 

shadow is formed. Thus, if a shadow 






formed when two candles are boming in a room,4b&ii 
shadow will be both deeper and darker if one of the can* 
dies be extinguished. The darkness of a shadow is profK)i« 
lioned to the intensity of the light, when the shadow ii 
produced by the interruption of the rays from a single 
luminous body. 

What ffrodvcn • "^^O* ^ ^^ ^^P^ ^^ *^g*^* ^^ darkneeg | 
the darkest can be estimated only bj^ comparison, the 

*^*^ strongest light will appear to produce the 

deepest shadow. Hence, a total eclipse of the sun occa- 
sions a more sensible darkness than midnight, because it is 
immediately contrasted with the strong light of day. Hence, 
also, by causing the shadow of a single object to be thrown 
on a sur&ce,-^as, for instance, the wall, — from two or more 
lights, we can tell which is the brightest light, because it 
will cause the darkest shadow. . * 

^^ . . 791. When a luminous body is larger than 
aha^ of the ^^ Opaque body, the shadow of the opaque 
shadow of an body will gradually diminish in size till it 
opaque y. terminates in a point. The form of the 
shadow of a spherical body will be that of a cone. 

Fig. 119. A repr^ 
^l3[^* ^' sents the sun, and B 

the moon. The sua 
being much larger than the moon, 
causes it to cast a converging shadow, 
which terminates at E. 

792. When the luminous body is smaller than the 
opaque body, the shadow of the opaque body will gradually 
inerease in sise with the distance, without limit 




Ill Fig. 120 tie shadow "«■ ia«- 

tf the object A inoreasea 
in size at the differeot dia- 
lilces B, C, D, E; or, in 
other words, it constantly 
iiverges. 

T93. When eevrasl lumioous bodies shine iqiOD th« gamft 
object, eacli one -will produce a shadow. 
WW it it fht Fig. 121 represents a ball A, iUonunated by 
'^^tf^'S- tip three can- _ j., 

dlea B, C, and 
D. The light B produces the 
•hadow b, the light C the shadow 
t, and the light S the shadow d ; 
but, as the light from eadi of the 
wndles shines upon ail the shad- 
ows except its own, the shadows 
"ill be ftunt. 

K'tTtAiSf '^^^' ^^^" ""^^ "^ ''^^' ^ "^P™ *" 
fatlt OR an opaque body, part of them are absorbed, and 

1WJW oijeciT pj^rt are reaected. 

What u ugla Light Is s^d to be reflected when it it 
^^J> U re- thrown off from the body on which it fells ; 

and it is reflected in the largest quantities 
uom the most highly polished surfecea. Thus, although 
noBt substances reflect it in a degree, polished metals, look- 
'"g-glasses, or mirroTs,.&c., reflect it in so perfect a man- 
■•w as to convey to our eyes, when Bitnated in a proper 
Position to receive them, perfect images of whatever objects 
Mine on them, -either by their own or by borrowed light. 
^y . 795. That part of the science of Optics 

^^(wCtouy. ^^^^ relates to reflected light is called 

Catoptric). 
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What is ilie fun- ^^' -"^^^ ^*^^ ^^ reflected light aie the 
damerual law of same as those of reflected motion. Thus, 
Catoptrics. when lignt falls perpendicularly on an 

opaque body, it is reflected back in the same line towards 
the point whence it proceeded. If it fall obliquely, it will 
be reflected obliquely in the opposite direction ; and in all 
cases the angle of incidence will bo equal to the angle of 
reflection. This is the fundamental law of Catoptrics, or 
reflected light. 

797. The angles of incidence and reflection have already been 
described under the head of Mechanics \see explanation of 
Ft^.lO,iVb.l62]; but, as all the phenomena of reflected light 
depend upon the law stated above, and a clear idea of these 
angles is necessary in order to understand the law, it is deemed 
expedient to repeat in this connection the explanation already 
given. 

An incident ray is a ray proceeding to or falling on any sur- 
face; and a reflected ray is the ray which proceeds jfrww any 
reflecting sur&ce. 

Fig. 122 is designed to show tjg. us. 

^lainFig. the angles of incidence and of 

reflection. In this figure, M 
A M is a mirror, or reflecting surface. P is 
a line perpendicular to the surface. I A rep- 
resents an incident ray, falling on the mirror 
in such a manner as to form, with the perpen- 
dicular . P, the angle I A P. This is called 
the angle of incidence. The line K A is to 
be drawn on the other side of P A in such a manner as to have 
the same inclination with P A as I A has : that is, the angle 
E A P is equal to I A P. The line R A will then ^show the 
course of the reflected ray; and the angle K A P will be 
the angle of reflection. 

From whatever surface a ray of li^t is reflected, — whether -it 
be a plain surface, a convex sur&ce, or a concave surface»-^th]S 
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briBvarialilj prevails; so thai, if we notice the inelinatioa of 
tBj inmdeot raj, and the ataation of the pa7)endunilar to the 
lorf&oe on which it falls, we can alwi^ determine in what man* 
Ber or to what point it will he reflected. This law explains the 
reason why, when we are standing on one side of a mirror, we 
can see the reflection of objects on the opposite side of the room, 
bat not those on the same-side on which we are standing. It also 
explains the reason why a person can see his whole figore in a 
mirror not more than half of his height. It also accounts for 
all the apparent peculiarities of the reflection of the difierent 
kinds of mirrors. 

How ore A^ 798. Opaque bodies are seen only by re- 

^owmLm ^^*®^ ^g^*- Luminous bodies are seen by 
Tttpedmly the rays of light which they send directly to 

Kent 

' ^ our eyes. 

^^f^ 799. All bodies absorb a portion of the light 
on tke haefi" which they receive ; therefore the intensity of 
^V ofUgfuf ijgiit jg diminished every time that it is reflected. 

^^^does 800. Every portion of a reflecting surface 
of a reflecting reflects an entire image of the luminous body 
«tff«e r^lect f ghining upon it. 

^ydowe ^^cn the sun or the moon shines upon a 
*oi tee many sheet of water, every portion of the surface reflects 
tonf M,^ an entire image of the luminary; but, as the image 
refiected^a ^° ^® ^^^ ^^^J ^J reflected rays, and as the 
y^ingsur- angle of reflection is always equal to the angle of 
incidence, the image from any point can be seen 
^y in the reflected ray prolonged. 

^y do objects ^^^- Objects seen by moonlight appear fainter 
^?^ fainter than when seen by daylight, because the light by 
'^ ' which they are seen has been twice reflected ; for, 
^^ moon is not a luminous body, but its light is caused by the 
■QQ shining upon it. This light, reflected from the moon and 
«lling upon any object, is again reflected by that object. It 
19 'j 
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•nffen, therefore, two refleeticms ; sod nnce » portion is i^nksM 
bj each Bor&oe that reflects it, the light must he propoitioB- 
allj fiiinter. In trayersin^ the atmosphere, also, the rays, lotb 
of the son and moon, suffer diminution; for, althoi^.c^h pore air 
is a transparent medium, which transmits the rajs of light 
freely, it is generally surcharged with vapors and exhalations, 
by which some portion of light is absorbed. 

_-_. 802. All objects are seen by means of the 

When t$ on ^ft a t /» i^ 

object invisi' rays of light emanating or reflected from them ; 

**•' and therefore, when no light falls ujkmi an 

opaque body, it is invisible. 

This is the reason why none bat luminous bodies can be 
seen in the dark. For the same reason, objects in the shade or 
in a darkened room appear indistinct, while those which an 
exposed to a strong light can be clearly seen. We see the 
things around us, when the sun does not shine directly upon them, 
solely by means of reflected light. Everything on which it 
shines directly reflects a portion of its rays in all possible direc- 
tions, and it is by means of this reflected light that we are 
enabled to see the objects around us in the day-time which are 
not in the direct rays of the sun. It may here also be remarked 
that it is entirely owing to the reflection of the atmosphere that 
the heavens appear bright in the day*time. If the atmosphere 
had no reflective power, only that part would be luminous ia 
which the sun is placed ; and, on turning our back to the son, the 
whole heavens would appear as dark as in the night ; we should 
have no twilight, but a sudden transition from the brightest 
sunshine to darkness immediately upon the ^setting of the suo* 

803. When rays of light, proceeding from 

Hbw do rays i • , ti i _.^ 

ofUght enter ^^J object, enter a small aperture, they cross 
a small aper- one another, and form an inverted image of the 
object. This is a necessary consequence of the 
law that light always moves in straight lines. 

Explain ^^^' ^^g* ^^ represents the rays from an object, 
t^g. 123. a c, entering; an aperture. The rav from a paseei 
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lowB throngb the aperture to <l, and the ray from e paasei 
^> to ^, and thus these rays, oroBBung at the aper- 
ftare, form an inverted image on the wall. The 
room in which this experiment is made should be 
darkened, and no light permitted to enter, except- 
ing through the aperture. It then becomes a 
camera obscura. 

805. Th^se words signi^ a darkened chamber. In the fa tare de- 
Bcription which will be given of the eye, it will be seen that the 
eamera obscura is constructed on the same principle as the eye. If a 
convex lens be placed in the aperture, an inverted picture, not only 
of a single object, but of the entire landscape, will be found on the 
wall. A portable camera obscura is made by admitting the light 
into a box of any sixe, through a convex lens, which throws the 
nnage upon an inclined mirror, from whence it is reflected upwards 
to a plate of ground glass. In this manner a beautiful but dimin- 
isbed.image of the landscape, or of any group of objeots, is present* 
^ on the plate in an erect position. 

806. The angle of vision is the angle formed 
at the eye by two lines drawn from opposite 
parts of an object. 

807. The angle 0, in Fig. 124, represents the 
^iguX 124 *°g^® ®^ vision. The line A 0, pfoeeeding from 
sm/125t one extremity of the object, meets the line B 
from the opposite extrem- iig. ul 
^7} and forms an angle 
at the eye; — this is the 
wgle of vision. 



dhotis the 

angkof 
vision? 

"ff^hatisthe 




B08. Fig. 125 represents 
^e different angles made 
by the same object at dif- 
ferent distances. From an inspection of 
the figure, it is evident that the nearer 
the object is to the eye, the wider must 
be the opening of the lines to admit the 
extremities of the object, and,con8equent- 
Iji the larger the angle under which it is seen ; and, on the con 
^ary, that objects at a distanqe will form small angles of vision 
Thus, in this figure, the three crosses F a, P E| and A B. are 
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ftll of the same siie ; but A B, being the most distant^ sobtendi 
the smallest an^e A C B, while D E and F Gr, being nearer to 
the eye, situated at C, fonn respeotivelj the larger angles D C £ 

and F C G. 

^ 809. The apparent fflze of an object depends upon 

the apparent ^^ ^^ ^^ ^® angle of vision. But we are accuA- 
Mze of anob- tomed to correct, by experience, the iallacj of ap- 
ject depend t pearances; and, therefore, since we know that real 
objects do not yarj in size, but that the angles under which we 
see them do vary with the distance, we are not deceived bj the 
variations in the appearance of objects. 

Thus, a house at a distance appears absolutely smaller than the 
window through which we look at it ; otherwise we could not see 
it through the window ; but our knowledge of the real size of the 
house prevents our alluding to its apparent magnitude. In fls. 12( 
it will be seen that the several crosses, A B, D E, F G, and H I, 
although very difierent in size, on account of their different distances, 
subtend the same angle A B ; they, therefore, all appear to the 
eye to be of the same size, while, in Fig. 125, the three objects A B^ 
D E, and F G, although of the same absolute size, are seen at a di^ 
ferent angle of vision, and they, therefore, will seem of diflbrent 
sizes, appearing larger as they approach the eye. 

It is to a correct observance of the angle of vision that the art of 
perspective drawing is indebted for its accuracy. 

Whenu an 810. When an object, at any distance, does 
anaccowuof ^^^ subtend an angle«of more than two seoondfl 
* distance t of a degree, it is invisible. 

At the distance of four miles a man of common stature 
will thus become invisible, because his height at that distance 
will not subtend an angle of two seconds of a degree. The size 
of the apparent diameter of the heavenly bodies is generally 
stated by the angle which they subtend. 

When is mo- ^^^' When the velocity of a moving body 
Hon imper- does not exceed twenty degrees in an hour, its 
ceptible ? motion is imperceptible to the eye. 

It is for this reason that the motion of the heavenly 
bodies is invisible, notwithstanding their immense velocity. 

812. The real velocity of a body in motion round a point de- 
pends on the spaoe oompreb^nded in a degree. The more dis- 
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tant the moving body from the centre, or, in other words, the 
larger the circle which it has to describe, the larger will be the 
degree. 

813. In Fig. 126, if the man at A, and the ^- ^' 

man at B, both start together, it is manifest 
that A most move more rapidly than B, to 
arrive at C at the same time that B reaches 
D, because the arc A C is the arc of a larger 
circle than the are B D. But to the eye at E 
the velocity of both appears to be the same, 
because both are seen under the same angle of vision. 

814. A mirror is a smooth and polished sur-- 

ffitrrory and ^^^^' ^^^ forms images by the reflection of the 
k^c are they rays of light. Mirrors (or lookiDg-glasses) 
are made of glass, with the back covered with 
.an amalgam, or mixture of mercury and tin foil. It is tho 
smooth and bright surface of the mercury that reflects tho 
rays, the glass acting only as a transparent case, or cover- 
ing, through which the rays find an easy passage. Some 
of the rays are absorbed in their passage through the glass, 
because the purest glass is not free firom imperfections. For 

this reason, the best mirrors are made of an alloy of copper and 

tin, called speculum metaL 

What are the ^^^' There are three kinds of mirrors, 
different lands ndjneljf the plain, the concave, and the con- 
•^ vex mirror. 

Plain mirrors are those which have a flat snrfiice, such 
as a common looking-glass ; and they neither magnify nor 
diminish the image of objects reflected from them. 

w hiithn ^^^' ^® reflection from plain mirrors is always 
we Meets re- obedient to the law that the angles of incidence and 
Jlectedfrom a reflection are equal. For this reason, no person 
ioohng^ glass f ^^ ^^ another in a looking-glass, if the other can* 

not see him in return. 

19* 
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How do look' 817. Looking-glasses or plain mirrors cause 

vMl^all obiects ®v®^J*^i"g ^ appear reversed. Standing before a 
appear f looking-glass, if a person holds up his left hand it 

will appear in ihe glass to be the right. 

818. A looking-glass, to refle^ t^e whole person, needs be but half 
of the length of the person. \ " 

819. Wnen two plain mirrors stand opposite to each other, the 
reflections of the one are cast upon the other, and to a person be- 
tween them they present a long-continued vista. 

820. When two reflecting surfaces are inclined at an angle, tiie 
reflected objects appear to have a common centre to an eye viewing 
them obliouelj. it is on .this principle that the kaleidoscope is 
constructed. 

tVkat is a ^21. Tiiej^|^eidoscope consists of two reflecting 

Kaleidoscope? surfac^^^ViJj^'^^pieces of looking-glass, inclined to 
each other at an angle bfrisixty degrees, and placed between 
the eye and the objects intended to form the picture. 

The two plates are enclosed^ in a tin or paper tube, and the 
objects, consisting of pieces of colored glass, beads, or other 
highly-colored fragments, are loosely confined between two ci^ 
cular pieces of common glass, the ooler one of which is slightly 
ground, to make the light uniform. On looking down the tube 
through a small aperture, and where the ends of the glass plates 
nearly meet, a beautiful figure will be seen, having six angles, 
the reflectors being inclined the siai& part of a circle. If in- 
clined the twelfth part or twentieth part of a circle, twelve or 
twenty angles will be seen. By turning the tube so as to alter 
the position of the colored fragments within, these beautiful forms 
will be changed ; and in this manner an almost infinite variety 
of patterns may be produced. 

The word Kaleidoscope is derived from the Greek language, and 
means ** the sight of a beautiful form." The instrument was in- 
vented by Dr. Brewster, of Edinburgh, a few years ago. 

822. A convex mirror is a portion of the external sur- 
face of a sphere. Convex mirrors have therefore a convex 
surface. 

823. A concave mirror is a portion of the inner surface 
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of a hollow sphere. 
eave surface. 
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Cii|i^jj3^B^ lav€r ti^erefore a oon- 






The outer part of M N is a 

Fig. 127. 

o 




iiy&tn 824. In Fig. 127, M N >^^esents both f convex 
Fig. 127. and a concave mirror. They are both a portion of a 
sphere of which is the centr% 
convex, and tKe inner part is 
a concave mirror. ^Let A B, 
. C D, B F, represent rays . 
&IIing on the coovez mirror 
M N. As the three rays are 
parallel, they would all be per- 
pendicular to a plane or flat 
mirror; but no ray can fall 
V^iycndicularly on a concave 
or convex mirror which is not 

directed towards the centre of the sphere of which the mirror u 
« portion. For this reason, the ray C D is perpendicular to the 
mirror, while the other rays, AiB and E F, fall obliquely upon 
Jt. The middle ray therefore, falling •]^erpendicularly on the 
mirror, will be reflected back in the same line, while the two 
other rays, billing obliquely, will be reflected obliquely ; namely, 
the ray A-B will be reflected to G, and the ray E F to H, and 
^e angles of incidence A B P and E F T will be equal to the 
Mgles of reflection P B G and T F H ; and, since t^ see objects 
tnthe direction of the reflected rays, we shall see the image at 
^ which is the point at which the reflected rays, if continued 
through the mirror, would unite and form the image. This point 
18 equally distant from the surface and the centre of the sphere, 
^d 18 called the imaginary focus of the mirror. It is called the 
^niaginary focus, because the rays do not really unite at that 
point, but only appear to do so ; for the rays do not pass through 
we mirror, since they are reflected by it. 

825. The image of au object reflected from, a oonve* 
QuiTor is smaller than the object. 
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,_ . , 826. This IB tmmtt to the diverraioe of Ae n 
What IS the ^ , . " • . , - 

itbject of fleoted rajs. A convex tntrrar amvertt, ly rtfin- 

ng. 128! titm^ parallel rays into divergent rays ; rojff that 
fall upon the mirror divergent are rendered still more dvaef' 
gent by refleotion, and oonvergent rajB are r^ected either 
parallel, or less con- llg* 128. 

Tergent. If, then, an 
object, A B, be placed 
before any part of a 
oonvfix mirror, the 
two rays A and B, 
proceeding from the 
extremities, falling 
oonyergent on the 
mirror, will be re- 
flected less oonvergent, and will not come to a focus until Ihey 
arrive at C ; then an eye placed in the direction of the reflected 
rays will see the image formed in (or rather behind) the mirror 
at a ^ ; and, as the image is seen under a smaller angle than the 
object, it will appear smaller than the object. 

What is the ^^*^' ^^® ^^^ ioQVA of a concave mirror is 
true focus of a point equally distant from the centre and the 
mirror? snrface of the sphere of which the mirror is m 
portion. 

When mil S^^. When an object is further from the con- 
the image re- (^ye surface mirror than its focus, the image will be 
aconcave'be inverted; but when the object is between the 

upright^ and mirror and its focus, the image will be upright,^ 
when invert- ^ « . .. .i ■ • ^^ • 

^; and grow larger in proportion as the object is 

placed nearer to the focus. 

What pe- ^29. Concave mirrors have the peculiar prop* 

cuUar prop- erty of forming images in the air. The mirror 
Retire mtr- *"*^ ^® object being concealed behind a screen 
rors 1 or a wall, and the object being strongly iUumi 
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Bated, the says from the objeei &11 upon the mirror, and aro 
reflected hj it through an opteung in the screen or waU, forming 
ED image in the air. 

Showmen baye availed tfaemselTee of this property of concave 
nurrors, in producing the appearance of apparitions, which have 
terrified the young and the ignorant. These ima^s have been pre- 
sented with great distinctness and beauty, by raising a fine trans- 
parent cloud of blue smoke, by means of a chafing-dish, around the 
focus of a large concave mirror. 

When is the 830. The image reflected by a concave 
«w^/r(wi a j^rror is larger than the object when the 

concave rmrror ° •^ , 

iorger than the object IS placed between the mirror and its 
•^•' focua. 

"^hu isthe de- ^^^' ^^ ^ owing to the convergent prop- 
T*ff ^ ^^^' ^^y ®^ *^® concave mirror. . If the object A 

B be placed between the concave mirror and its 
focus/, the rays Kg. 129. 

A and B from its * ^ 

extremities will f^\. g ^ 

ftfl divergent on 1/ ^ — ^ 
the mirror, and, ^"^-.^^ B^vr2>'"^^--S..-^ 
on bemg reflect- * ^^^""'"J^x^lSs^---^^ 
•d, become less m^*^*^^*->L^N. 

^▼eigent, as if \ ^^^^^^^^^^^^:^::;^ 

*^«y proceeded % ^^"^^^^ 

from C. To an ^ 

^J6 placed in that situation, namely, at C, the image will appear 
ii^gnified behind the mirror, at a b, since it is seen under a 
larger angle than the object. 

^2. There are three cases to be considered with regard to the 
eftcts of' concave mirrors : 

1. When the object is placed between the mirror and the prind- 
pal focus. 

2. When it is situated between its centre of concavity and that 
focus. 

3. When it is more remote than the centre of concavity. 

1st. In the first case, the rays of light diverging after reflection 
hut in a less degree than before such reflection took place, the im- 
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age ^ ill bo larger than the object, and appear at a graftter or 
sroaller distanoe fW>m the sorfiioe of the mirror, and behiiid it. lbs 
image in thid case will be erect. 

2a. When the object is between the pnncjpal focas and the cen- 
tre of the mirror, the apparent image will be in front of the mirror, 
and beyond the centre^ appearing very distant when the object is 
at or just beyond the focus, and advancing towards it as it recedes 
towards the centre of concavity, where, as will be stated, the im- 
age and the object will coincide. During the retreat of the object 
the image will still be inverted, because the rays belonging to each 
visible point will not intersect before they reach the eye. Bnt in 
this case the image becomes less and less distinct, at the same time 
that the visual angle is increasing; so that at the centre, or rather 
a littje before, the image becomes confused and imperfect, beoaose 
at this point the object and the image coincide. 

8d. In the cases just considered, the images will appear inverted; 
and in the case where the object is further from the mirror than ita ^ 
centre of concavity, the image will be inverted. The more distant 
the object is from the centre, the leas will be its image ; but the 
image and object will coincide when the latter is stationed exactly 
at the centre. 

833. The following laws flow from the fundamental law of Catop- 
trics, namelv, that the angles of incidence and reflectioa are 
always equal. In estimating these angles, it must be recollected 
that no line is perpendicular to a convex or concave mirror, which 
will not, when sumciently prolonged, pass through the centre of the 
sphere of which the mirror is a portion. The truth of these state- 
ments may be illustrated by simple drawings ; always recollecting, 
in drawing the figures, to make the angles of incidence and reflec- 
tion equal. The whole may also be shown bv the simple experi- 
ment of placing the flame of a candle in various positions before 
both convex ana concave mirrors. [// is recomntendea that the learner 
be required to draw a figure to represent each of these laws,"] 

834. Laws of Reflectioii peom Convex Mirkors. — (1.) Par- 
allel rays reflected fram i convex surface are made to diverge. 

(2.) Diverging rays reflected from a convex surface are made 
more diverging. 

(3.) When converging raye tend towards the focus of parallel 
niys,-they will beco&e parallel when reflected from a convex 
Kurface.''*' 

(4.) When converging rays tend to a point nearer the surfalce 

* For the sake of distinction, the prinoipfti focas. is called ** the foons of 
parallel rays."— Pe»cAe/. • 
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than the fecos, they will oonyerge leas when reflected firom a 
ooNYSx suikoe. - . 

(5.) If ooiiY0r^Dg rajB tend to a point between the foeoa and 
the centre, thegr will diverge as from a point on the other aide 
of the centre, further &om it than the point towards which thej 
oonyerged. 

(6.) 'If conver^g rajs tend to a point beyond the centre, 
thej will diverge as from a point on the contrary side of the 
centre, nearer to it than the point towards which thej con- 
verged. 

(7.) If converging rajs tend to the centre, when rejected 
thej will proceed in a direction as i& from the centre. 

835. Laws ov Bbfubction tbom Concavb Miriiob8.— 
(1.) Parallel rajs reflected from a goncavx snr&ce are made' 
converging. [See Note to No. 837.] 

(2.). Converging rajs &lling upon a conoavx sorfikce are 
made to converge more. 

(3.) Diverging rajs falling upon a oonoavb snr&ce, if thej 
diverge from the focns of parallel rajs, become parallel. 

(4.) If from a point nearer to the surface than that foeofli 
^J diverge less than before reflection. 

(5.) If from a point between that focus and the centre, thej 
converge, afler reflection, to some point on the contrarj side of 
the centre, and further firom the centre than the point from 
which thej diverged. 

(6.) K frQm a point bejond the centre, the reflected rajs 
"Will converge to a' point on the contrarj side, but nearer to it 
than the point from which thej diverged. ^ 

(7.) If from the centre, thej will be reflected back to tht 
same point from wllich thej proceeded. 

Bow are objects " 836. As a necessarj consequence of the laws 
^eenfromaantr which have now been recited, it maj be stated, 
»e« nwrrort . ^^^^^ >^ regard to convex mibrobs, the im- 
ages of objects invariablj appear bejond the mirror; in other 
words, thej are virtual images. Secondly, thej are seen in 
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ihiir Dftlonl pondon, likid». MM?y, thej are Gonaller than 
ibe objects themselves; the fbrther the object is from Ihemir- 
Tor» and the less the radioQ of the mirror, the smaller the image 
will be. If the object be very remote, its image will be in the 
Tirtaal focas of the mirror. 

837. Secondly f in regard to jdoncays uibbobs. 

(1.) The image of an object yerj remote from a concaye mn^ 
ror, as that of the son, will be in the focus of the mirror, and 
the image will be extremely small.^ 

(2.) Every object which is at a distance from the mirror 
greater than its centre produces an image between this point 
and the focus smaller than the object itself^ and in an inverted 
position. 

(8.) If the object be at a distance from the mirror equal to 
the length of its radius, then the image will be at an equal dis- 
tance from the mirror, and the ^dimensioxis of the image will be 
the same as those of the object, but its position will be inverted. 

(4.) J£ the object be between the focus and the centre of 
curvature, the image will be inverted, and its siae will much 
eioeed that of the object. 

These four varieties of inverted images, produced by the 
xeAection of the rays of lij^t from concave mirrors, are some- 

times called ^^pkifsical spectra" 

« 

* This is the manner in which tioncave mirrors become bnrning'iglasBei 
The rays of the sun faU upon them parallel [j»e« No, 835], and they are all 
reflected into one point, called th^ focus, where the light and heat are as 
much greater than the ordinary light and heat of th^ sun as the area of the 
mirror is greater than the area of the focus. It is related of Arohimedef, 
that he employed burning-mirrors, two hundred years before the Christian 
era, to destroy the besieging navy of Maroellus, the Roman consul. His 
mirror was, probably, constructed from large numbers of flat pteoes. M. 
de Vilette constructed a burning-mirror in which the area of the mirror was 
MTenteen thousand times greater than the area of the focus. The heat of the 
ton was thus increased seventeen thousand times. M. Dufay made a concave 
mirror of plaster of Paris, gilt and burnished, twenty Inches in diameter, 
with which he set fire tp tinder at the distance of fifty feet. But the most 
remarkable thing of the kind on record is the compound mirror constructed 
by Bufibn. He arranged one hundred and sixty -eight small plane mirron 
in such a manner as to reflect radiant light and heat to the same foous, like 
Mie large concave mirror. With this apparatus he was able to set wood on 
Are at the distance of two hundred and nine feet, to melt I^mI at a bun* 
4red feet, and silver at fifty feet. 



Tbe dzistenoe and posidon of these speeto maj eaeilj be tbown 

experimentallj thus : 

Etperanent, — Hold a candle oppoeite to a ooncaTe mirror, at the 
distances named in the last four paragraphs respeotiTely. ' The 
spectrum can, in each case, be received on a white screen, which 
most be placed at the prescribed distance from the mirror. 

Different optical instruments, especially reflecting telescopes^ 
exhibit the application of these spectra. 

(5.) If a lominouB body, as, for instance, the flame of an 
aigand lamp, or a burning coal, be placed in the focus of a con- 
cave mirror, no image will be produced, but the whole surface 
of the mirror will be illuininated, because it reflects in parallel 
lines all the rajs of light that &11 upon it. This may be made 
the subject of an experiment so simple as not to require further 
e^laoation. 

The reflectors of compound microscopes, magic lanterns and ligh^ 
iiooses, by means of which the light given by the luminous body 
ia increased and transmitted in some pjarticular direction that may 
be desired, are illustrations of the practical application of this prin« 
aple. 

(6.) Lastly, place the object between the mirror and the 
lociu, and the image of the object will appear behind the mir- 
^' It will not be inverted, but its proportions will be enlarged 
according to the proximity of the object to the focus. It is 
tUs circumstance that gives to concave mirrors their magnifying 
powers, and, because by oolleclang the sun's rays into a focus 
^oy produce a strong heat, they are called burning-mirrors. 

838. Media, or Mediums, axd Refrac- 
What is a Me- ^^^' — ^ Medium,* in Optics, is any sub- 
^>^tminOpUcs? stance, solid or fluid, through which light 
can pass. 

^^ is refrao- 839. When light passed in an obliquB 

direction firom one medium into another, it 
tt turned or bent from its course, and this is called refraC" 

*Jhit proper plural of this word Ib medUt, althoagh mtdiunu U frequenUy 

20 



980 • H ATUBAL PHILOeOPHT. 

I 

iion. The property whicli causes it is called refrangi' 

hUity. 

840. DioPTBios. — That part of the sd- 

u^f ** ^^ ence of Optics which treats of refracted light 

is called Dioptrics. 

What is meant ^^' "^ wodiom, in Optics, is called dense or 
by a denser and rare according to its refraotiye power, and not 
^^^^^I^.^^J^^"^ according to its specific graTity. Thus, alcohol, 

and many of the essential oils, although of less 
q>ecific gravity than water, have a greater refracting power, 
and are, therefore, called denser media than water. In the fol- 
lowing list, the various substances are enumerated in the order 
of their refractive power, or, in other words, in the order of 
their density as media, the last-mentioned being the densest, 
and the first the rarest, namely : air, ether, ice, water, alcohol, 
alum, olive oil, oil of turpentine, amber, quartz, glass, melted 
sulphur, diamond. 

842. There are three fundamental lai?s of 
fundamental Dioptrics, on which all its phenomena de- 
iaws of Diop- pend, namely : 

(1.) When light passes from one medium 
to iipother in a direction perpendicular to the sur&ce, it 
continues on in a straight line, without altering its course. 

(2.) When light passes in an oblique direction, from a 
retrer to a denser medium, it will be turned from its course, 
and proceed through the denser medium less obliquely, and 
in a line nearer to a perpendicular to its s«u&ce. 

(3.) When light passes from a denser to a rarer medium 
in an oblique direction, it passes through the rarer medium 
in a more oblique direction, and in a line further from s 
perpendicular to the surface of the denser medium. 

843. In Fig. 130, the line A B represents a 
^jp «n g» y^y ^^ jjgi^j. pjjggjpg £»j^|^ j^jy £jj^ water, in a 

perpendicular direction. According to the first 
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kff stated aboTe, it will coat^nne on in the !■(■ lit. 

same line through the d^tser mediom to R 
If the ra; vere to pass npward through the 
denser medium, the water, in the same per- 
pendicular direotioQ to the air, h; the same 
law it woold also conliniie on in the eama 
straight line to A. 

But, if the ra^ proceed from a rarer to a denser mediom, in 
an oblique direction, an from C to B, when it enters the denaer 
medium it will not continue on in the same etniight line to D, 
bat, by the second law, stated above, it will be refracted or bent 
ont of its course and proceed in a leas oblique direction to F, 
which is nearer the perpendicular ABE than D is. 

A^in, if the ray proceed from the denser medium, the water, 
to the rarer medium, the air, namely, from F to B, instead of 
puiBoing ita straight course to G, it will he refracted according 
to the third law above stated, and proceed in a more oblique 
Section to C, which is fiirther from the perpendicular E B A 
than Q is. The refraction^is more or len in all 
'iim u 'tStw^ ""^^^ "' P">P''rtion as the rays fell more or lew 
tianinatlaues? obliquely on the refracting sur&oe, 

844. From what has now been stated wiUi 
WTmoreicem j.^^^ jq refraction, it will be seen that many 
ti^mg the depth interesting facts may be expliuned. Thua, an 
?f water, and j^^^ q^ a stick, when partly immersed in water, 
'' appears bent, because we see one part in one 

luediam, and the other in another medium: the part which is in 
the water appears higher than it really is, on account of the 
(^fraction of the denser medium. For the same reason, when 
we loot oiUqudy upon a body of water it spears more shallow 
tlun it re^ly is. But, when we look perpendicularly down- 
Wards, we are liable to no such deception, because there will be 
tio refraction. 

84S. Let a piece of money be put into a cnp or a bowl, and the 
ixip and the eye be placed in such a poBidoa that the side, of the 
"ipwiUjaat hide the money from the ri^t; then, kee^g the eye 
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direotMl to the iame spot, let the enp be filled witii water,— tiM 
monej will beoome distinotlj vieible. 

Why do we noi ^^' "^^ refnMS^OB of light preyents ou 
see the 9Ufi,moon seeing the heaTeoIy bodies in thmr realsituft- 
mdstars.intheir tion. 

^ The light whioh ihej send to us is refracted 

in passing through the atmosphere, and we see the sun, the 
stars, &c., in the direction of the refracted ray. In conse- 
quence of this i^tmospheric refraction, the sun sheds his light 
upon us earlier in the morning, and later in the evening, than 
we should otherwise pertieive it. And, when the sun is actually 
below the horizon, those rajs which would otherwise be diasi- 
pated through space are refracted by the atmosphere towards 
the sur&ce of the * earth, causing twilight. The greater the 
density of the air, the higher is its refractive power, and, conse* 
quently, the longer the duration of twilight. 

It is proper, however, here to mention that there m anotha rea- 
son, why we do not see the heavenly bodies in their true sita- 
ation. Light, tlwugh it moves with great velocity, is about eight 
and a half minutes iiTits passage from the sun to the earth, so that 
when the rays reach us the sun has quitted the spot he occupied 
on their departure ; yet we see him in the direction of those rays, 
and, consequently, in a situation which he abandoned eight minutes 
and a half before. The refraction of light does not affect the appea^ 
anoe of the heavenly bodies when they are vertical, that is, directly 
over our heads, because the rays then pass vertically, a direction 
incompatible with refraction. 

847. When a ray of light passes from 
produced wh^ one medium to another, and through that 

light suffers two into the first again, if the two refractions be 
equal refrdo , . . '^ i.~ ^' 

donst equal, and in opposite directions, no sen- 

sible effect will be produced. 

This explains the reason why the refractive power «f flat window- 

f;la88 produces no effect on objects seen through it. The rays suffer 
Wo refractions, which, being in contrary directions, produce tha 
same effect as if no refraction had taken place. 

-.-.., . 848. Lensbs. — A Lens is a glass, which, 

owing to Its peculiar form| causes the rays 
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tf lij^t to oonvei^ to a focus, or ^sp^rses tbeoi, aooording 
to the laws of re£ractioii. 

Explain ihedif' ^^- TheiB are Tarioos kinds of lenseSy 
J»era kinds of named according to their focus ; but thej 

are all to be considered as portions of the 
internal or external surface of a sphere. 

850. A single 
conyez lens ha0 
one side flat and 
the other convex ; 
M A, in Fig. 131. 

851. A single 
concave lens is fiat on one side and concave on the other, ai 
Bin Fig. 181. 

852. A double convex lens is convex on both sides, as 
C, Fig. 181. 

A double concave lens is concave on bcfth sides, as D, 
Rg. 131. 

A meniscus is convex on one side and concave on the 
o4er, as E, Fig. 131. 

^^^ is the 853. The word meniscus is derived from the 
^!^^f of a Greek language, and means literally a little 

moon. This term is applied to a concatHhCOtwex 
'ens, from its similarity to a moon in its early appearance. To 
^ kbd of lens the term periscopic has recently been applied, 
"^m the Ghreek kngoage, meaning literally mewing on aUsida. 
>vheii Uia concave and convex sides of periscopic glasses are 
even, or parallel, they act as plane glasses ; but when the sides 
KTQ UHeqnal, or not parallel, they will act as concave or convex 
/enses, according as the concavity or the convexity is the greater. 

^^^istheoM S5A. The axis of a lens is a line passing 
""^* ^f through the centre: thus F G, Fig. 181, is 

^ «ss of all the five lenses. 

20* 
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• 855. The pecaliar form of the variocfl 
Igiueif . kinds of lenses causes the light which passes 

through them to be refracted from its oourse 
according to the laws of Dioptrics. 

It wiU be remembered that, according to these laws, light, in 
passing from a rarer to a denser medium, is refracted towards 
the perpendicular ; and, on the contrary, that in passing from a 

denser to a rarer medium it is refracted frirther 

Mow mu^ we |»^^ ^^ perpendicular. In order to estimate 
tstimaie the ef' , «. « , .1 , • 

fed of a lens f the effect of a lens, we must consider the sitnap 

tion of the perpendicular with respect to the 

surface of the lens. Now, a perpendicular, to anj convex or 

concave surface, must always, when prolonged, pass through 

the centre of sphericity ; that is, in a lens, the centre of the 

sphere of which the lens is a portion. By an attentive obseiva* 

tion, therefore, of the laws above stated, and of the situation of 

the perpendicular on each side of the lens, it will be foand, ui 

gentralf — 

(1.) That convex lenses collect the rays into 

convexa^ cof^ * -fi^^^* ^^ ^^i^ifV ^^^^ ^ « certain dis- 
cave lenses re' tance, 

V^^^^y- (2.) That concave lenses disperse the rays^ 

and diminish objects seen through them. 

What is the fo- ^^^* ""^^^ ioQsX distance of a lens is the 
col distance of distance from the middle of the glass to the 

focus. This, in a single convex lens, is equal 
to the diameter of the sphere of which the lens is a portion, 
and in a double convex lens is equal to the radius of a 
sphere of which the lens is a portion. 

^^ 857. When parallel rays * fall on a con- 

pass through a ^^^ ^®^s, those only which fell in the direc- 
lens without re- tion of the axis of the lens are perpendicular 

to its surface, and those only will continue 

^ The n.78 of the ran are considered parallel at the sarfaoe of the earth. 
jnioT are not 10 in reality, but, on aoooont of the great distanee of that 
™>ilnar3r» their dirergenoy is so small that it is altogether inappreoiabla 
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on in a stnught line through flie lens. - The other rajs, 
falling obliquely, are re&acted towards the axis, and will 
meet in a fbcus. 

858. It is this property of a convex lens 

^le ^^l ^^ ^^^®*^ ^^^ ^^ ^^ P®^®' ^ * bomi!ig.gla88, or 
glasses, or sun-glass. All the parallel rays of the sun 

burning-glasses, which pass through the glass are collected to- 
gether in the focus ; and, consequently, the heat 
at the focus is to the common heat of the sun as the area of the 
glass is to the area of the focus. Thus, if a lens, four inches in 
diameter, collect the sun's rajs into a focus at the distance of 
twelve inches, the image will not be more than one-tenth of an 
inch in diameter ; the surface of this little circle is 1600 times 
less than the surface of the lens, and consequently the heat 
will be 1600 times greater at the focus than at the lens. ' 

859. The following effects were produced by a large lens, or bom- 
ing-glass, two feet in diameter, made at Leipsic in 1691. Pieces of 
lead aod tin were instantly melted ; a plate of iron was soon ren- 
dered red-hot, and afterwards fused, or melted ; and a burnt brick 
was converted into yellow glass. A double convex lens, three feet 
in diameter, and welshing two hundred and twelve pounds, made by 
Mr. Parker, in England, melted the most refractory substances. 
Cornelian was fused in seventy-five seconds, a crystal pebble in six 
geeonds, and a piece of white agate in thirty seconds. This lens 
was presented by the King of England to the Emperor of China. 

860. If a convex lens have its sides ground 
^T'n-^U^) down into several flat surfaces, it will present 

as many images of an object to the eye as it 
has flat surfaces. It is then called a Multiplying-glass. Thus, 
if one lighted candle be viewed through a lens having twelve 
flat surfaces, twelve candles will be seen through the lens. The 
principle of the multiplying-glass is the same with that of a 
convex or concave lens. 

« 

861. The following efiects result from the laws of refraction 
Facts with RBOARn to Convex Surfaces. — (1.^ Parallel rays 

passing out of a rarer into a denser medium, througn a oonvbx 8iir« 

Uice, will become conversing. 
(2.) Diverging rays will be-made to diverge less, to beoome par* 
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•llel, or to oQDTefge, aooording to the degree of diTergen^ be&N 
refraction, or the oonyexitj of the surface. 

(3.) Converging rajs towards the centre of conyezity wiU safia 
DO retraction. 

(4.) Rajs oonyerging to a point bejond the centre of omTezity 
will be made more converipng. * 

(5.) Converging rajs towards a point nearer the surface thas 
the centre of convexitj will be made less conveig^ng bj refraction. 

[When the rajs proceed out of a denser into a rarer medium, the 
reverse occurs in each ease.] 

862. Facts with rbqard to Concayb Surfaces. — (1.) Paralld 
rajs proceeding out of a rarer into a denser medium, through a 
OONCAVX surface, are made to diverge. 

(2.) Diverging rajs are made to diverge moiB, to sufier no 
refraction, or to diverge less, according as thej proceed from a 
point bejond the centre, from the centre, or between the centre and 
the surface. 

(3.) Converging rajs are made less converging, parallel, or diveig- 
ing, aocordine to their degree of convereencj before refraction. 

863. The above eight principles are ali the necessarj consequence 
of the operation of the three laws mentioned as the fundamental 
laws of Dioptrics. The reason that so manj different principles are 
produced bj the operation of those laws is, that the perpendiculan 
to a convex or concave surface are constantlj varjing, so that no 
two are parallel. But in flat surfaces the perpendiculars are paral- 
lel ; and one invariable result is produced bj the rajs when pass- 
ing from a rarer to a denser, or m>m a denser to a rarer me<unm, 
having a flat surface. 

[When the rajs {proceed out of a denser into a rarer medium, the 
reverse takes place in each case.] 

864. Double convex, and double concave 

What lands of ^ ^ , . ^ i x^ 

glasses are used gl^^ses, or lenses, are used m spectacles, to 
m mectacles, remedy the defects of the eye : the former, 
pfirposT? ^ when by age it becomes too flat, or loses a 
What kinds of portion of its roundness : the latter,, when 
fraily wm^l V ^^7 otl^^r cause it assumes too round a 
old persons t form, as in the case of short-sighted (or, as 
young f* *^®y ^^ sometimes called, near-sighte^. 

persons. Convex glasses are used whejftte 
eye is too flat, and concave glasses when it is too rouiul 

These lenses or glasses are generallj numbered, bj optidaos, 
according to their degree of convexitj or concavitj ; so that, bj 
knowing the number that fits the eje, the purchaser can generallj 
be aooQmiiiodated without the trouble of tijing many glasses. 



ofhob. 



S3T 



865. Ths Era. — The eretof all arnmals aie oonstniofted on th* 

same principles, with such modificatioDS as are necessary to adapt 
them to the habits of the animal. The knowledge, therefore, of the 
construction of the eyo of an animal will give an insight of the coa- 
Btraction of the eyes of all. 



Of what is 



wriu» SQ6. The eye is composed of a number of 

the eye com- coats, Or coverings, witliin whicli are enclosed 
fosedf. ^ lens, and certain humors, in the - shape and 

performing the office of convex lenses.* 
What are the different ^67. The different parts of the eye 

ports of the eye ? are: 



(1.) The Cornea. 

(2.) The Iris. 

(3.). The Pupil. 

(4.) The Aqueous Humor. 

(5.) The Crystalline Lens. 

Explain S^^- ^ig- 1^2 represents 

Fig. 132. a front view of the eye, in 
^hich a a represents the Cornea, or, as 
it is commonly called, the white of the 
^e; e e is the Iris, having a circular 
opening in the centre, callod the pupil, 
P> which contracts in a strong light, and 
upands in a faint light, and thus reg- 
^tes the quantity which is admitted 
^ the tender parts in the interior 
of the eye. 

^rp/Wn 869. Fig. 138 rep- 

Fig. 133. resents a side view of 
"10 eye, laid open, in which b b 
^foaents the cornea, e e the iris, 
• d thepupil,//the aqueous hu- 
^^^* S g the crystalline lens, A h 



(6.) The Vitreous Humor. , 
(7.) The Retina. 
(8.) The Choroid. 
(9.) The Sclerotica. 
(10.) The Optic Nerve. 





^ The foUowiDg description of the eye is taken prinoipaUy from Paxton'i 
^^odoetion to the Study of Anatomj, edited by Dr. Winslow Lewif , of thif 
•Mj. 



van NATUKAIi PHHiOSOPHT. 

Mi6 Titreoiu hrnnor, t i it i the retina, c c ihe choroid, aaa 
m a the sclerotica, and n the optic nerve. 

Describe the ^'^^- ^^® Ck)mea forms the anterior portion 
Cornea. the eje. It is set in the sclerotica in the same 

manner as the crystal of a watch is set in the case. Its 
degree of convexity varies in different individuals, and in 
different periods of life. As it covers the pupil and the 
iris, it protects them from injury. Its principal office is to 
cause the light which reaches the eye to converge to the 
axis. Part of the light, however, is reflected by its finely- 
polished surfiMO, and causes the brilliancy of the eye. ' 

j)egcribe the ^^1. The Iris is SO named from its being 

^^' of different colors. It is a kind of circular 

curtain, placed in the front of the eye, to regulate the quan- 
tity of light passing to the back part of the eye. It has a 
circular opening in the centre, which it involuntarily en- 
larges or diminishes. 

872. If is on the color of the iris that 
What causes a the color of the eye depends. Thus a person 
Uhlack.biueor^ Said to have black, blue, or hazel eyes, 
gray\ ifrc. / according as the iris reflects those colors 

respectively. 

What is the ^*^^' '^^ Pupil is merely the opening in the 
Pupil f irig^ through which the light passes to the lens 

behind. It is always circular in the human eye, but 
in quadrupeds it is of different shape. Wnen the pupil is 
expanded to its utmost extent, it is capable of admitting ten 
times the quantity of light that it does when most con- 
tracted. 

874. In cats, and other animals which are said 
some animals ^^ ^^ ^^ ^® dark, the power of dilatation and con- 
fee in the traction is much greater ; it is computed that their 
^^'^ pupils may receive one hundred times more light 
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ftt one time than at another. That light only which paaioa the 

pupil can be of use in vision ; that which fells on the iris, being 
reflected, returns through the cornea, and exhibits the color of 
the itis. 

When we come from a dark place into a strong li^ht, oor ejeg 
•ufier pain, because the pupil, being expanded, admits a larger qoan 
titj or light to rush in, before it pas had time^ contract. And, 
when we ^ from a strong light into a faint one, we at first imagine 
oorselves m darkness, becaose the pupil is then contracted, and does 
not instantly expand. 

Describe the ^^^' ^^® Aqucous Humor is a fluid as clear 
Aqueous Hit- as the purest water. In shape it resembles a 
^'^' meniscus^ and, being situated between the cor- 

nea and the crystalline lens, it assists in collecting and 
transmitting the rays of light from external objects to that 
lens. 

^^hat is the ^^^' '^^^ Crystalline Lens is a transparent 
Crystalline body, in the form of a double convex lens, 
^^^ placed between the aqueous and the vitreous 

humors. Its office is not only to collect the rays to a focus 
on the retina, but also to increase the intensity of the light 
which is directed to the back part of the eye. 

Wte u t1 ^^'^^ ^^^ Vitreous Humor (so called from its 
^'^^^rvotM £u- resemblance to melted glass) is a perfectly 
'"*^* transparent mass, occupying the globe of the 

qre. Its shape is like a meniscus, the convexity of which 
Ki^^tly exceeds the concavity. 

878. In Fig. 134 the shape of the >*• «^ 

^ueous and vitreous humors and the crys- 
talline lens is presented. A is the aqueous 
humor, which is a meniscus, B the crystal- 
line lens, which is a double convex lens, 
ftndC the vitreous humor, which is also a 
i&eniscus, whose concavity has a smaller radius than its con- 
^wadty. 
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What is the ^79. The Retina is the seat of yision. The 
Retina f. j-ays of light, being refracted in their passage by 
the other parts of the eye, are brought to a focus in the 
retina, where an inyerted image of the object is represented. 

What is the ^^0* ^^^ Choroid is the inner coat or coTer* 
. Choroid f ing %{ the eye. Its outer and inner surfiioe 
is coyered with a substance called the pigmentttm nigrum 
(or black paint). Its office is, apparently, to absorb the 
rays of light immediately after they have &llen on the retina. 
It is the opinion of some philosophers that it is the choroid, 
and not the retina, which conveys the 'sensation produced 
by rays of light to the brain. 

j)ggcribe the ^^^' ^^® Sclerotica is the outer coat of the 
Sclerotica, eye. It derives its name from its hardness. 
Its office is to preserve the globular figure of the eye, and 
defend its more delicate internal structure. To the sclero- 
tica are attached the muscles which move the eye. It re- 
ceives the cornea, which is inserted in it somewhat like a 
watch-glass in its case. It is pierced by the optic nerve, 
which, passing through it, expands over the inner snrfiice 
of the choroid, and thus forms the retina. 

882. The Optic Nerve is the organ which 

^^••'^'y carries the impressions made by the rays of 

* light (whether by the medium of the retina, or 

the choroid)'io the brain, and thus produces the sensation 

of sight. 

What optical 883. The eye is a natural camera obscura 
does the eye [*^^ ^^' 805], and the images of all objects 
resemble ? seen by the eye are represented on the retina 
in the same manner as the forms of external objects are 
delineated in that instrument. 

Explain 884. Fig. 135 represents only those parts of the eja 
'^' which are most essential &r tiie explanatiim of the 
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phenomenon of vision. The image is formed thus : The rays 
firom the object c d, diverging towards the eye, enter the oornea 
c, and cross one another in their passage through the erystalline 
lens dy, by which they are made to converge on the retina, where 
they form the inverted image j^6. 

Baw is the ^^' ^® convexity of the crystalline humor is 
eonoexUy of increased or diminished by means of two muscles, 
hns^^^t^ to which it is attached. By this means, the focus 
and far what of the rays which pass through it constantly &Ils 
purpose f on the retina; and an equally distinct image is 
formed, both of distant objects and those which are near. 
Bow can you 886. Although the image is inverted on the re- 
SkTmdr^l tina, we see objects erect, because all the images 
position of formed on the retina have the same relative posi- 
objects f ^Iqq which the objects themselves have ; and, as the 
rays all cross each other, the eye is directed upwards to receive 
the rays which proceed from the upper part of an object, and 
downwards to receive those which proceed from the lower part 

WhM At ^^^* ^ distinct image is also formed on the re- 

no/ see double ^uia of each eye ; but, as the optic jierves of the 
with two eyes ? two eyes unite, or cross each other, before they 
reach the brain, the impressions received by the two nerves are 
united, so that only one idea is excited, and objects are seen 
single. Although an object may be distinctly seen with only 
one eye, it has been oalcnlated that the use of both eyes makes 
a difEerenoe of about ^ne-twelfth. Prom the desoription now 

21 
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IpYea of the eye, it may be seen what are the defects wuok are 
remedied by^the use of ooncave and convex lenses, and how the 
use of these lenses remedies them. 

What defects 888. When the crystalline humor of the eye u 
of the eye m ^^ round, the rays of light which enter the eye 
signed to converge to a focus before they reach the retina, 
remedy ? and, therefore, the image will not be distinct ; and 

when the crystalline humor is too flat (as is oflen the case witli 
old persons), the rays will not converge on the retina, but tend 
to a point beyond it. A convex glass, by assisting the converg- 
ency of the crystalline lens, brings the rays to a focus on the 
retina, and produces distinct vision. 

889. The eye is also subject to imperfection by 
fectsofthe '^80^ ^^ ^^ humors losing their transparency, 
eye is there either by age or disease. For these imperfections 
no remedy . ^^ glasses offer a remedy, without the aid of surgi- 
cal skill. The operation of couching and removing cataracts 
from the eye consists in making a puncture or incision through 
which the diseased part may escape. Its office is then supplied 
by a lens. If, however, the operator, by accident or want of 
skill, permit the vitr^us humor to escape, the globe of the eye 
immediately diminishes in size, and total blindness is the inevi- 
table result. 

What is ^^^' ^ single microscope consists simply of 

singie micro- a convex lens, commonly called a magnifying- 
*^* • glass ; in the focus of which the object is placed, 

and through which it is viewed. 

891. By means of a microscope the rays of light irom an 
object are caused to diverge less ; so that when they enter the 
pupil of the eye they fall parallel on the crystalline lens, by 
which they are refracted to a focus on the retina. 

Explain 892. Fig. 186 represents a convex lens, or single 
j*tg. ItJb. niioroscope, C P. The diverging rays from the object 
A B are refracted in their passage ihrau(^ tii« teis £, uA 
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Bads to faU parallel on ^^ >^ 

ibe crystalline lens, by 
which they are refracted 

to a focus on the retina 
H R ; and the image is 
thus magnified, because 
the divergent rays are B 
collected by the lens and 
carried to the retina. 

What glasses 893. Those lenses or microscopes which have the 
^^g^^ shortest focus have the greatest magnifying power; 

nifying and those which are the most bulging or convex 

P*'"^'^ have the shortest focus. Lenses are made small 
hecauso a redaction in size is necessary to an increase of curva- 
tare. 

vnuuisa ^^^' -^ double microscope consists of two 

^oubiemicro^ convex lenses, by one of which a magnified 
*^^' * image is formed, and by the other this image 
is carried to the retina of the eye. 

^f^P^B^n 895. Fig. 137 represents the effect produced by the 

*^' lenses of a double microscope. The rays which diverge 

from the object A B are collected by the lens L M (called the 

object-glass, because it is nearest to the object), and form an 

Tig. 137. 




^▼erted magnified image at D. The rays which diverge from 
tins image are oollected by the lens N O (called the eye-glass, 
^^^oftuse it it nearest to the eye), whibh acts on the prinoiple of 
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the single mioroscope, and forms a still more magnified BnagQ'oB 
tbe retina R R. 

What ■ the ®®®" ^® ^^^ microscope is a microscope 
solar mkro- with a mirror attaohed to it, upon a movable 
^'"^ •' joint, which can be ' so adjusted as to receive 

the sun's rays and reflect them upon the object. It con- 
sists of a tube, a mirror or looking-glass, and two convex 
lenses. The sun's rays are reflected by the mirror through 
the tube upon the object, the image of which is thrown upon 
a white screen, placed at a distance to receive it. 

897. The mioroscope, as above described, is used for viewing 
transparent objects only. When opaque objects are to be viewed, 
a mirror is used to reflect tbe light on the side of the object; 
the image is then formed by light reflected from the object, 
instead of being transmitted through it. 

898. The magnifying power of a single mi- 
nifv^e n^^ croscope is ascertained by dividing 'the least 
ojf single and distance at which an object can be distinctlj 

double nUcro-: geen by ihe naked eye by the focal distance of 
scopes ascer- .11 mi.- • • l * 

tained? ^® ^^^* This, m common eyes, is about seven 

inches. G^ius, if the focal distance of a lens 

be only ^ of an inch, then, the dianteter of an object will be 

magnified 28 times (because 7 divided by I is the same as 7 

multiplied by 4), and the surface will be magnified 784 times. 

The magnifying power of the compound microscope is foimd 
in a similar manner, by ascertaining th^ magnifying power, first 
of one lens, and then of the other. 

The magnifying power of the solar microscope is in propor- 
tion as the distance of the image from the objeot-glass is 
greater than that of the object itself from it. Thus, if the dis- 
tance of the object from the object-glass be ^ of an inch, and 
the distance of the image, or picture, on the screen, be tea feet, 
or 120 inches, the object will be magnified in length 480 times, 
or in sor&ce 230,000 times. 
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A leni.maj be oaoied to aumdfj or to dimiDiBh an object. If tbi 

ebject be placed at a distance from the focua of a leas, and the im- 
ago be formed in or ueur the foooB, the imaga irill be ditniniahed ; 
but, if th« Qbjeot be placed neai the focas, Uie imi^ will bo lusg- 

What is the Mag' "^^^ Magic Lantern is aa instrument con* 
k L,ajUtm? stTucted On the principle of the solar micro- 
scope, but the light is supplied hj a lamp instead of the 
sun. 

899. The objects to beTiewed by the magic laDt«ni are geoer- 
kU; painted with transparent colors, on glass slides, which are 



moeiTed into an opening in tbe front of the lantern. The li^t 
from the lamp in the lantern passes tKroiigh them, and carries 
the pictures paioted on the slides through the ieoses, bj means 
of which a magnified image is thrown upon the wall, oa a white 
eur&co prepared to receive it. 

!Fig. 138 repreeents the magic lantern. The 
Tqo ^' rays of light from the lamp are received upon 

the coDcave mirror e, and reSected to the oon- 
Tsx lens c, which is called the condensing lens, because it con- 
oantrates a large quantity of light upon the object painted on 
the slide, inserted at b. The rays from the illuminated object 
at h are carried ^rergent through the lens a, forming an image 
OD the screen at/. The image will inorease or diminish in size, 
in prt^rtion to the distance of the soreen from the lens a. 
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900. DissoLTiNO Views. — The exhibitioD 
How are "iX*- called " DmoLving Views " is made by means 
ftprexntedf ^^ ^^ magic lanterns of equal power, bo as to 

throw pictures of the same magnitudein tihe 
same position on the screen. By the proper adjustment of 
sliding tubes and shutters, one picture on the screen is made 
brighter while the other becomes fainter, so that the one seems 
to dissolve into the other. In the hands of a skilful artist^ 
this is an exhibition of the most pleasing kind. 

901. TsiBSCOPBS. — A Telescope is an 
ggcopef instrument for viewing distant objects, and 

causing them to appear nearer to the eye. 

How are tele- ^^^' Telescopes are constructed by placing 
scopes consirtict' lenses of different kinds within tubes that slide 
*'' within each other, thus affording opportunitj 

of adjusting the distances between the lenses within. 

903. They are also constructed with mirrors, in addition to 
the lenses, so that, instead of looking directly at an object, the 
eye is directed to a magnified image of the object, reflected 

from a concave mirror. This has given rise to 
How many kinds ^^ i^q distinctions in the kinds of telesoopeB 
there ? ^^ common use, called respectively tho Be&act- 

ing and the Beflecting Telescope. 

How is the Jte- 904. The Refracting Telescope is con- 
^e ^^Snstruct' structed with lenses alone, and the eye is 
^^ directed toward the object itself. 

905. The Reflecting Telescope is con- 

How does a Re- , ^ . .. ° , *^ . , ,. 

fleeting Tele- stnicted with one or more mirrors, m adcU- 

• Mr. John A. Whipple, of this city, has given several ezhibitioni o^ 
this kind, with great sucoess. A summer soene seemed to dissolve into ^® 
same scene in mid-winter ; a daylight view was gradually made to faint 
successively into twilight and moonshine; and many changes of a most is* 
teresting nature showed bow pleasing an exhibition might be made by & 
skilful combination of science and art 
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Kope differ from tion to the le&ses; and the image of the 

*• object, reflected from a concaye mirror, is 

seen, instead of the object itself. 

90^ Each pf thft9e kinds of telescope has its res^tive advan- 
tag^l^but refracting telescopes have Seen so much improved that 
thejf have in some degree superseded the reflecting telescopes. 

What is^mn ^^^' -^^ong the improvements which have 

Achrbmam 'Fete- been made in the telescope, may be mentioned, 
^^' as the most important, that peculiar constnuy 

tion of the lenses by which they are made to give a pencil of 
white U^t, entirely colorless. Lenses are generally faulty in 
eansing the object to be partly tinged with some color, which is 
imperfectly refracted. The fault has been corrected by employ* 
log a double object-glass, composed of two lenses of different 
refracting power, which will naturally correct each other. The 
telescopes in which these are used are called Achromatic. Com- 
mon telescopes have a defect arising from the convexity of the 
object-glass, which, as it is increased, has a tendency to tinge 
the edges of the images. To remedy this defect, dckromatic 
lenses were formed by the union of a convex lens of crown 
glass with a concave lens of flint glass. Owing to the diffct^ence 
of the refracting power of these two kinds of glass, the images 
became ^ree/rom colar and more distinct; and hence the glasses 
which produce them were called Achromatic, that \r, free from 
tdor. 

Lenses are also subject to another imperfection, called spheru 
coZ aberrcUion, arising from the different degrees of thickness 
in the centre and edges, which causes the rays that are refracted 
through them respectively, to come to different focuses, on ac- 
count of the greater or less refracting power of these parts, con- 
sequent on their difference in thickness. To correct this defect, 
lenses have been constructed of gems and crystals, <fec., which 
have a higher refractive power than glass, and require less 
sphericity to produce equal effects. 

What iM the Sim- ^^^- "^^^ simplest form of the telescope con- 
P^t form of the sists of two convex lenses, so combined as to 
^J^KweJ increase the angle of vision under which the 
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ol^Jeoi is seeo. ISie lenses are so pbeed Uttt the Qstenos 
beiween thorn maj be equal to the som of their focal distanoesL 

Object'glau, and ^^' ^® ^^^ nearest to^the eje is oJlej 
which the E^ the Eje-glass, and that at the other ewm- 
fcope) " it J is called the Objeet-glass. v.^ ^' 

910. . Objects seen through tele80^|B of ihui 
^iZu^- oonstmction (namely, with two glA Only) 
ewcopei of the srs alifays inverted, and for this reS^^'lhis 

simplest can- j^ind of instnunent is principally used £br as- 
stTuctwn J ., •i*iai« -f 

trononucal purposes, in which the inTersion oi 

the object is immaterial. Hence, this is also called the Ni^t- 
ciass. 

What is the Af' ^^^' ^^ common day telescope, or spy« 
ftrenos between glass, is an instrument of the same sort, with 

a dmy and a ^^ addition of two, or even three or four 
mghl telescope? , * , « . t i.. ^ 

glasses, for the purpose of presentmg the ot^eet 

upright, increasing the field of vision, and diminifthing the aber- 

raticm caused by the dissipation of the rays. 

912. Fig. 139 represents a night-glass, or 
Ju^Zm Fig. astronomical telescope. It consists of a tubs 

A B D, containing two glasses, or lenses. 
The lens A B, having a longer focus, forms the object-glass ; 
the other lens D is the eye-glass. The rays from a very 
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B ^ 

distant body, as a star, and which may be considered parallel to 
each other, are refracted by the object-glass A B to a focus at 
K. The image is then seen through the eye-glass D C, magni- 
fied as many times as the focal length of the eye-glass is ooD' 
tained in the focal length of the object-glass. Thus, if the focal 
length of the eye-glass D C be contained 100 times in that of 
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te ol^|^ictrgla8s A B, the star wHl be seen magnified 100 times. 
It will be seen, by the figure, that the image is inverted ; for 
the ray M A, after redaction, will be seen in the direction 0. 
and^^^ray N B in the direction DP. 

913. Fig. 140 represents a day-glass, or ter^ 
^ ^ ^' restrial telescope, commonly called a spy-glass. 

This, likewise, consists of a tube A B H G, 
contaming four lenses, or glasses, namely, A B, C D, E F, and 
G H^ The lens A B is the object-glass, and G H the eje-glass. 
^e two additional eye-glasses, E F and C D, are of the same 
size and shape, and placed at equal distances from each other. 




m snch a manner that the focus of the one meets that of the 
next lens. These two eye-glasses E F and C D are introduced 
for the purpose of collecting the rays proceeding from the in- 
verted image M N, into a new upright image, between G H and 
E F ; and the image is then seen through the last eye-glass G H, 
^der the angle of vision P Q. 
-^ Opera Glasses are constructed on the prin- 

««« (akucM f ®^P^® ^^ *^® refracting telescope. They are, in 

&ct, nothing more than two small telescopes, 
^ited in such a manner that the eye-glasses of each may be 
"noved together, so as to be adjusted to the eyes of different 
Persons. 

Cf what does the ^^^' ^* Rkflbctino Telescope. — The Re- 
^^fecHng Tel- fleeting Telescope, in its simplest form, con- 
^^ wiMMf. gisted of a concave mirror and a convex 
•ye-glass. The mirror throws an image of the object, and the 
'y^ass views tliat image under a larger angle of visino. 
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This instrument was sabsequently improved by Newton, and 
cilice him by Cassegrain, Gregory, Hadley, Short, and the 
Ilcrschels. 

915. Fig. 141 represents the Gr^prian 
^ ^' Telescope. It consists of a large tube,' con- 
taining two concave metallic mirrors, and two 
plano-convex eye-glasses. The rays from a distant object are 
received through the open end of the tube, and proceed from r r 
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to r r, at the large mirror A B, which reflects them to a focus 
at ffj whence they diverge to the small mirror C, which re- 
flects them parallel to the eye-glass F, through a circular aper- 
ture in the middle of the mirror A B. The- eye-glass P col- 
lects those reflected rays into a new image at I, and this image 
is seen magnified through the second eye-glass G. 

It is thus seen that the mirrors bring the object near to the 
eye, and the eye-glasses magnify it. Reflecting telescopes are 
attended with' the advantage that they have greater magnifying 
power, and do not so readily decompose the light. It has 
already been stated that the improvements in refractors have 
given them the greater advantage. 

How does the 916. The Cassegrainian telescope differs from 
iimU^cove ^** which *has been described, in having the 
differ from smaller mirror convex. This construction is at- 
the Gregorian f tended with two advantages ; first, it is superior 
in distinctness of its images, and, second, it dispenses with die 
necessity of bo long a tube. 



otmoB. fUSl 

Whai pec»- ^^^" ^® tel«Boopeg of Henohel and af Lord 

Smitksare ^ase dispenae with Uie smaller mirror. This b 

there in the done by a -slight incliDation of the larce mimur. so 
telescopes of » ^ » 

Herschel and ^^ ^ throw the image on one side, where it is viewed 

the Earl of bj the eye-glass. The observer sits with his back 

^^' towards the object to be viewed. Hcrschers gigai^ 

tic telescope was erected at Slough, near Windsor, in 1789. The 

diameter of the speculum or mirror was four feet, and the mir» 

ror weighed 2118 pounds; its focal distance was forty feet 

918. The telescope of Lord Rosso is the larj^est that has ever been 
oonstmcted. The diameter of the speculum is six feet, and its focal 
distance fifty-six feet. The diameter of the tube is seven feet, and 
the tube and speculum weigh more than fourteen tons. The cost 
of the instrument was about sixty thousand dollars. 

The telescope lately imported for Harvard University is a refract^ 
or. It is considered one of the best instruments ever constnicted. 

What is 919. Chromatics. — That part of the science 

Chromatics f of Optics which relates to colors is called Ghro- 
xnatics. 

Of Jthnt is 920. Light is not a simple thing in its 

fi^A<cofv^5eiif nature, but is composed of rays of different 
oolois, each of which has different degrees of refrangibility, 
vid haa also certain peculiarities with regard to reflection. 

nr L . I 921. Some substances reflect some of the 

Qfwhat color , « „ . i i i i i 

ore bodies rays that &11 upon them and absorb the others, 

composed f ^^^ appear to reflect all of them and absorb 

.none, while others again absorb all and reflect none. Hence, 

bodies in general have no color of themselves, independent 

of light) but every substance appears of that color which it 

reflects. 

„.. , 922. White is a due mixture of all colors in 

What are 

white and nice tind exact proportion. When a body re- 
*^«^' fleets all the rays that fall upon it, it will ap- 

pear white, and the purity of the whiteness depends on the 
perfectness of the reflection. 
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928. Black is the dqirivMioii of all color, and, wben a 
body reflects none of the rays that &11 upon it, it inll 
appear black. 

924. Some bodies reflect two or more colors either partially 
or perfectly, and they therefore present the varied hnes whidi 
we perceive, formed from the miztore of rays of different 
colors.* 

What are the 925. The colors wbich enter into the composi- 
V^i ^ ^^^^ ^^ ^^g^*j *^d which possess different degrees 
of refrangibility, are seven in number, namely, 
red, orange, yellow, green, blue, indigo, and violet 

What tf a ^^^' -^ Prism is a solid, triangular piece of 
f highly-polished glass. 



927. A prism which will answer the same purpose as a solid one 
may be made of three pieces of plate glass, amnit six or eight inches 
lone and two or three broad, joined together at their ra^s, and 
made water-tight by patty. The ends may be fitted to a triangular 
piece of wood, in one of which an aperture is made by which to fill 



• 



* When the eje has become fatigued by gating Intently on an j objeet, 
9t a red or of any other color, the retina loees, to some extent, its sensitive* 
Bess to that color, somewhat in the same manner that the ear is deafened for 
a moment bj an orerpowering eonnd. If that object be removed and 
another be presented to the eye, of a different color, into the composition of 
which red enters, the eye, insensible to the red, will perceive the other 
eolors, or the componod color which they would form by the omission of the 
ted, and the object thus presented would appear of that color. The tmtt 
of this remark may be easily tested. Fix the eye intently for some time on 
a red wafer on a sheet of white paper. On remoying the wafer, the white 
disk beneath it will transmit all ' the colors of white light ; but the eye, 
insensible to the red, will perceire the blue or green colors at the other end 
of the spectrum, and the other spot where the red wafer was will appear 
of a bluish-green, until the retina recovers its sensibility for red light. The 
•olors thus substituted by the fatigued eye are called the accidental coloc 

The accidental colors of the seven prismatic colors, together with black 
and white, are as follows : 

Jteeidental Color, 

BmI • Bluish Green. 

Orange Blue. 

Yellow Indigo. 

Oreen Violet reddish. 

Indigo Orange red. 

▼iolet Orange yellow. 

I^aek White. 

WWte . . ..Blaok 



it with water, and tbaa to pre it tbe sppeamnoe H|d the 
power of a solid prism. 

What effect ^^^' ^^^° ^8*** " moAe to ps8E thron^ a 
tosaprism prism, tlie differeDt-colored raja are refracted 
'ihatp<u£a ^^ separated, and form an image on a screen or 
(AroufA it ? wall, in vhich the coI<H^ will be arranged in 

the order just mentioned. 
^piain 929. Fig. 142 repreeents rays of light paBting from 

^' * the apertiu*e, in a window-Bhntter A B, throngfa the 
prism P. Instead of ooatiauiog in a etralght oonrse to E, and 
there ibrmiDg an image, thej will be refracted, in their passage 
throng the prism, and form an image on the screen C D. Bnt^ 



a* the 'Afferent-colored rays have different degrees of refrangi- 
bility, those which are refracted the least will fell upon the 
lowest part of die screen, and those which are refracted the most 
"ill fall upon the highest part. The red rajs, therefore, sufier- 
ng the smallest degree of refraction, iall on the lowest part of 
he screen, and the remaining colors are arranged in the order 
<f their refractioD. 
930. It is supposed that the red rays are Tefracted the least, on 
JKonnt of their grsuter momentuii) ; and that the blue, indif;o and 
'lolet, Eire refracted the most, because thej have the least momantmn. 
"'GBamereason.it is supposed, will account for the red appear- 
•""e of the sun through a foe, or at rising and setting. The in- 
ttsaaed quanlitj of the atmosphere which the oblique rays must 
^TBrae, and its being loaded with mists and vapots. which are 
Mually formed at those times, prevents the other raji Irom reaeh- 
mg us. 
A Huiilui reuaun will accunut fur the blue appearanoe of tba al^. 
22 
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As tfa6M rajs have less momentom, they osnot traTerse the atmos- 
phere so readily as the other rays, and they are, therefore, reflected 
baok to oiir eyes by the atmosphere. If the atmosphere did not 
reflect any rays, the skies woula appear perfectly black. 

„ ^. 931. If ihe colored rays which have been a^ 

rays refract- r^ted by a prism fall upon a convex lens, they 
erf by a prism will converge to a focus, and appear white. Hence 
reumled. j^ ^pp^j g that white is not a simple oolpr, buti^ 
produced by the union of several colors. 

932. The spectrum formed by a glass prism being divided 
into 860 parts, it is found that the red occupies 45 of those parts, 
the orange 27, the yellow 48, the green 60, the blue 60, the 
indigo 40, and the violet 80. By mixing the seven primitive 
colors in these proportions, a white is obtained ; but, on. acooont 
of the impurity of all colors, it will be of a dingy hue. If the 
colors were more clearly and accurately defined, the white thus 
obtained would appear more pure also. An experiment to prove 
what has just been said may be thus performed : Take a circular 
piece of board, or card, and divide it into parts by Imes drawn 
from the centre to the circumference. Then, having painted the 
seven colors in the proportions above named, cause the board to 
revolve rapidly around a pin or wire at the centre. Th^ board 
will then appear of a white color. From this it is inferred 
that the whiteness of the sun's light arises from a due mixture 
of all the primary colors. 

933. The colors of all bodies are either the simple colors, as 
refracted by the prism, or such compound colors as arise from a 
mixture of two or more of them. 

What are the ^^' ^^°™ ^^ experiment of Dr. WoUaston, 
three simple it appears that the seven colors formed by the prism 
coh^t may be reduced to four, namely, red, green, blue, 

and violet ; and that the other colors are.'produced by oombisa- 
tions of these, but violet is merely a mixture of blue and i^> 
and green is a mixture of blue and yellow. A better diviaioQ 
of the simple colors is blue, yellow, and red. 
935. Light is found to possess both heat and chemical aoticn^ 
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The ^^rismatio epectniBi presontB fome remailcable phesomena with 

regard to tbeso q^ualities ; for, while the red rajs appear to be the 
seat of the maximum of heat, the violet, on the contrary, are the 
apparent seat of the maxima in of chemical action. 

936. Light, from whatever source it proceeds, is of the same 
nature, composed of the various-colored rays ; and although some 
substances appedr differently by candle-light from what they appear 
by day, this result may be supposed to arise from the weakness or 
want of purity in artificial light. 

937. 'There can he no light without colors, and there can be no colors 
withotU light, 

938. That the above remarks in relation to the colors of bodies 
are true, may be proved by the folloM'ing simple experiment. Place 
a colored body in a dark n>oin, in a ray of light that has been^re- 
fracted by a prism ; the body, of whatever color it naturally is, will 
appear of the color of the ray in which it is placed ; for, since it 
receives no other colored rays, it can reflect no others. 

939. Although bodies, from the arrangement of their particles, 
have a tendency to absorb some rays and reflect others, they are 
not so uniform in their arrangement as to reflect only pure rays of 
one color, and perfectly absorb all others ; it is found, on the con- 
trary, that a body reflects in great abundance the rays which deter- 
mine its color, and the others in a greater or less decree in propor- 
tion as they are nearer or further from its color, m the order of 
refmngibility. Thus, the jpeen leaves of a rose will reflect a few of 
the red rays, which will ^ive them a brown tinge. Deepness of 
color proceeds from a deficiency rather than an abundance of reflect 
ed rays. Thus, if a body redect only a few of the ^en rays, it 
will appear of a dark green. The brightness and intensity of a 
color shrows that s great quantity of rays are reflected. That bodies 
sometimes change their color, is owing to some chemical change 
which takes place in the internal arrangement of their parts, 
whereby they lose their tendency to reflect certain colors, and 
acquire the power of reflecting others. 

How is a rain- ^^^' ^^^ rainbow is produced by ihe re- 
^w produced? fraction of the sun's rays in their passage 
through a shower of rain ; each drop of which acts as a 
prism in separating the colored rays as they pass through it. 

941. This is proved by the following considerations : First, 
a rainbow is neyer seen except when rain is falling and the son 
shining at the same time ; and that the sun and the bow are 
always in opposite parts of the heayens ; and, secondly , that the 
same appearance ibay be produced artificially, by means of water 
^own into tlie air, when the spectator is placed in a proper 
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pontioB, witli his back to the son; and, tkirdlf, thai a simuai 
bow is generally prodaoed by the spray which arises £rom large 
oataracts or waterfalls. The Falls of Niagara afford a beautiful 
exemplification of the tmth of this obserration. A bow is 
always seen there when the son is clear and the spectator's bade 
is towards the sun. 

942. As the rainbow is produced by the refraction of the sun's 
rays, and every change of position is attended by a corresponding 
change in the ravs that reach the eye, it follows that no two persons 
can see exactly the same rainbow, or, rather, the same' appearance 
from the same bow. 

943. Polarization of Light. — The Polarization of Light is a 
change produced on light by the action of certain media, by which it 
exhibits the appearance of having polarity, or poles possessing differ- 
ent properties. This property of light was first discovered by Huygens 
in his investigations of the cause of double refraction, as seen in 
the Iceland crystal. The attention of the scientific world was more 
particularly directed to it by the discoveries of Malus, in 1810^ The 
Knowledge of this singular property of light has afibrded an explan- 
ation of several very intricate phenomena in Optics, and has afforded 
corroborating evidence in favor of the undulatory theory ; but the lim- 
its of this volume will not allow an extended notice of this singular 
property. 

944. Of the Thermal, Chexical, and other Non-optical Effects 
OF Light. — The science of Optics Ixeats particularly of light as the 
medium of vision. But there are other effects of this agent, which, 
although more immediately connected with the science of chemistry, 
deserve to be noticed in this connexion. 

945. The thermal effects of light, that is, its agency in the excita- 
tion of heat when it proceeds directly from the sun, are well known. 
But it is not generally known that these e£^ts are extremely un- 
equal in the differently colored rays, as they are refracted by the 
prism. It has already been stated that the red rays appear to 
possess the thermal properties in the greatest degree, and that in the 
other rays in the spectrum there is a deerease of thermal power 
towards the violet, where it ceases altogether. But, on the contraiji 
that the chemical agency is the most powerful in the violet, from 
which it constantly decreases towards the r«cl, where it ceases alto- 
gether. Whether these thermal and chemi(»Ed powers exist in all 
fight, from whatever source it is derived, remains yet to be ascer- 
tained. The chromatic intensity of the colored sped^rnm is greatest 
in the yellow, from whence it decreases both ways, terminating 
almost abruptly in the red, and decreasing by almost imperceptible 
shades towards the violet, where it becomes faint, and then wholly 
indistinct. Thus it appears that the greatest heating power resides 
where the chemical power is feeblest, and the greatest chemical 
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power where tbd beating power ig feeblest, and thai the cptieil 
poiif er is the strongest between the other two. 

946. The chemical properties of light are shown in this, that th» 
light of the sun, and m an inferior ^degree that of day when the sua 
is hidden from view, is a means of accelerating chemical oomhin»- 
tions and decompositions. The following experiment exhibits the 
chemical effects of light : 

Place a mixture of equal parts (by measure} of chlorine and hy- 
drogen gas in a glasi^ vessel, and no change will happen so lone slb 
the Yessel be kept in the dark and at an orCunaiy temperature ; but, 
on exposing it to the daylight, the elements will slowly combine 
and form hydrochloric acid ; if the glass be set in the sun'^s rays, 
the union will be accompanied with an instantaneous detonatioa. 
The report may also be produced by_ transmitting ordinary daylight 
through violet or blue glass to the mixture, but by interposing a red 
^ass between the vessel and the light all combination of the elements 
18 prevented. 

947. The chemical effects of light have recentlj 
meant by Pho-^^^ employed to render permanent the images oik 
tosraphy^ or tained by means of oonvez lenses. The art of thus 
lieuograp y.^fij^ng them is termed Photography, or Heliographj. 
These words are Greek deriyatives ; the former meaning ** writing 
or drawing by means of lightj^ the latter, *< toriHng or drauh 
ing by the aid of the sun.^* 

Who is the . ^^* ^^^ mode in which the process is performed 
author of Pho- ^ sssentially as follows : The picture, formed by a 
ioffravhv ? <'<unera obscura, is received on a plate, the surface of 
S^ ^ y ' which has been previously prepared so as to miake it 
as susceptible as possible of the chemical innuence of light. After 
the lapse of a longer or shorter time, the light will have so acted on 
the plate that the various objects the images of which were pro- 
jected upon it will appear, with all their gradations of light and 
shade, most exactly depicted in black and white, no color beinc 
toesent. This is the process commonly known by the name of 
Daguerreotjq>e, from M. Daguerre, the author of the discovery. 
Since his onginal discovery, he has ascertained that by isolating and 
electrifying the plate it acquires such a sensibility to the chemical 
influence or light that one-tenth of a second is a sufficient time to 
obtain the requisite luminous impression for the formation of the 
picture. 

949. The chemical eflects of light are seen in the varied colors of 
the. vegetable world. Vegetables which grow in dark places are either 
9hite or of a palish-yellow. The sunny side of fruits is of a rioher 
tinge than that which grows in the shade. Persons whose daily 
employment keeps them much within doors are pale, and more or 
IsM siokly, in consequence of sneh oonfinement. 

22* 
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IVom whst has bow been detailed with regard to the nators, tiie 
efibcte, and the importanoe of light, we may see with what reaaoa 
the great epio poet of our language has apostrophized it in the 
worda : 

** Hail, holj Light ! offiipring of Heaven, first bom^ 
Bright effluenoe of bright essence increate ;" 

and why the author of the '< Seasons '' has in a similar manner 
addressed it in the terms : 

** Prime eheerer. Light ! 
Of all material beings first and best ! 
Efflux divine ! Nature's resplendent robe ! 
Without whose vesting beauty all were wrapt 
In unessential gloom ; and thou, Sun ! 
Son! of surrounding worlds, in whom best seen 
Shines ont thj Maker ! may I sing of thee 1 " 

960. Electeicity. — Electricitj is the 
fficityl najne given to an imponderable agent which 

pervades the material world, and which ifi 
visible only in its effects. 

951. It is exceedingly elastic, susceptible of 

dmpkst effects t ^^^ degrees of intensity, with a tendency to 

equilibrium unlike that of any other known 
agent. Its simplest exhibition is seen in the form of attraction 
and repulsion. 

952. If a piece of amber, sealing-wax, or smooth glass, perfectly 
clean and dry, be briskly rubbed with a dry woollen cloth, and im- 
mediately auerwards held over small and light bodies, such as 
pieces oi paper, thread, cork, straw, feathers, or fragments of gold- 
leaf, strewed upon a table, these bodies will be attracted, and fly 
towards the surface that has been rubbed, and adhere to it for a 
certain time. 

953. The surfaces that have acquired this power of attractioa 
are said to be excited; and the substances thus susceptible of being 
excited are called electrics, while those which cannot be excited io & 
similar nuinner are called non-electrics. 

What the ^^' T^® s^^^^^^e of Electricity, therefore; 
electrical eUvis- divides all substances into two kinds, namely^ 
ions of all sub- Electrics, or those substances which can be 

excited, and Non-electrics, or those sub- 
stances which cannot be excited. 
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955. The woid Eleotriciiy is derived firom a Qnek woid, which 
signifies amber, because- this substance was supposed to possess, in 
a remarkable degree, the property of producing the flaid, when ex* 
cited or rabbed. The property itself was first discovered by Thalet 
of Miletus, one of the seven wise men of Greece. The wora is now 
osed to express both the fluid itself and the science which treats 
of it. 

What the ^^^' '^^^ nature of electricity is entirely 

prevaiHng theo' unknown. Some philosophers consider it a 
ries of electric- fluid j others consider it as two fluids of oppo- 
^ ' site qualities ; and others again deny its materi- 

alitj, and deem it, like attraction, a mere property of matter. 
The theory of Dr. Franklin was, that it is a single fluid, di»* 
posed to diffuse itself equally among all substances, and exhib- 
itii^ its peooliar efiects only when a body by any means becomes 
poseessed of more or less than its proper share. That when any 
substance has more than -its natural share it is poiitivdy elec« 
trified, and that when it has less than its natural share it is 
negalivdy electrified ; that positive electricity implies a redun- 
dancy, and negative electricity a deficiency, of the fluid. The 
prevalent theory at the present day is that it consists of two 
fluids, bearing the names of positive and negative. 

957. Professor Faraday has proposed a nomenclature of eleo- 
tricity, which has been adopted m some scientific treatises. From 
the Greek words ffXtxn^ov, (electricity, or amber, firom which it was 
Srst produced), and lS»g (a way or path), he formed the word elec- 
trodes^ that is, ways or paths of electricity. The course of positive 
electricitv he called the anode (from the Greek avodog, an ascending 
or entering way), and the course of the negative electricity tM 
cathode (from the Greek xa^odog, a descending way, or path of exit) • 
The terms positive and negative are, however, more frequently em« 
ployed to designate the extremities of the channels through which 
electricity passes. Positive electricity is sometimes expressed by 
the term pltis, or its character -f- ; and negative electricity by the 
term minus, or its character — . 

Hoio may elec- 958. Electricity may be excited by sev- 
died? ' ®ral modes — as, 1st, by friction^ whence it 
18 called FridioncU Electricity ; 2dly, by chemiccd action, 
called, from its discoverers. Galvanic, or Voltaic JSlectric" 
Uy ; Sdly, by the action of heat, whence it* is called 
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T^erfno-Etedrieiiy ; 4ihl7, by MagiteHsm. JhnxAmsX 

Electrici^ forms the subject of that branch of Electricity 
usually treated under the head of Natural Philosophy; 
Electricity excited by chemical action forms the subject 
of Galvanism ; and Electricity pr^uced by the ag^cy 
of heat, or by Magnetism, is usually considered in connec- 
tion with the subject of Electro-Magnetism. The intimate 
connection between these several subjects shows how close 
are the links of the chain by which all the departments of 
physical science are united. 

959. TUbfy' (Mlctric fluid is readily commu- 

WIuU is meant ^» . ^A r i. i. a ai. o 

by a Conductor J^K^atftd frOBi one substance to another, oome 
and a Non-'Conr substances, however, will not allow it to pass 
tricUyf ^ through or over them, while others give it a 

free passage. Those substances through 
which it passes without obstruction c*re called Conductors^ 
while those through which it cannot readily pass are called 
Non-conductors ; and it is found, by experiment, that all 
dectrics^Bxe non-conductors, and all non-electrics are 
good conductors of electricity. 

960. The following substances are dectrics, or non-conductors 
of electricity; namely, 



Atmospheric air (when dry), 


Feathers, 


Ghtfls, ' 


Amber, 


Diamond, 


Sulphur, 


All precious stones, 


Silk, 


All gums and resins, 


Wool, 


The oxides of all metals. 


Hair, 


Beeswax, 


Paper, 


Sealing-wax, 


Cotton. 



All these substances must be dry, or they will become more 
or luss conduotors. 

* The tenns^electrlcB^' and '< non-electrios" have fUlen into 'Jkiue. 
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961. Thofbllcirogmibe^imoe&areii^^ 
of eleetrioitj ; nameLy, 

All metals, LiTing animalis 

Charooal, Vapor, or fiteam. 

962. The following are imperfect conductors (that is, they 
conduct the electric fluid, but not so readily as the substances 
above mentioned); namely, 

Water, Common wood, 

Green yegetables, Dead animals. 

Damp air. Bone, 

Wet wood, Horn, &c. 
All substances containing moisture. 

When is a am- ^^S- When a oonduetor is sttrrounded oa 
tfZu£l '" "" f^« ^^ iu>ii-conductiBg sabBtances, it i. ' 

said to be insulated. 

964. As glass is a non-conducting substance, any conducting 
BubstaQce surrounded with glass, or standing on a table or stool 
with glass legs, will be insulated. 

965. As the air is a non-conductor when dry, a substance 
whteh rests on any non-eoiiducting substance will be insolatedy 
imless it conununicate with the ground, the floor, a table, &c. 

966. When a communication is made be- 

ductordtar^f ^^^^ * conductor and an excited surface, 

the electricity from the excited surface is 
immediately conveyed by the conductor to the ground ; but, 
if the conductor be insulated, its whole sarfiskce will become 
electrified, and it is said to be chai'ged. 

WhaiiMthe 967. The earth may be considered as the 

jrand reservoir principal reservoir of electricity ; and when a 
y electnaty . communication exists, by means of any con- 
daeting substance, between a body containing more than its 
aataral share of the fluid and the earth, the body will imme 
iiately lose its redundant quantity, and the fluid will escape to 



S62 NATURAL PlULaSOPUY. 

tiia aftHk Tkiu, wken a peraon liolds a metalHo tube to an 
exoited sar&oe, the eleotrioitj escapes fr<wi the surface to the 
tabe, and passes from the tube through the person to ibe floor ; 
and the floor being connected with the earth by conducting sub- 
stances, such as the timbers,'&c., which support the building, 
the electricity will finally pass off, by a regular succession of 
oouducting substances, from the excited surface to the earth. 
But, if the chain of conducting substances be interrupted, — that 
is, if any non-conducting substance occur between the excited 
Borface and the course which the fluid takes in its progress to 
the earth, — the conducting substances will be insulated, and be- 
come charged with electricity. Thus, if an excited surface be 
connected by a long chain to a metallic tube, and the metallic 
lobe be held by a person who is standing on a stool with glasa 
l^gs, or on a cake of sealing-wax, resin, or any other non-con- 
ducting substance, the electricity cannot pass to the ground, and 
the person, the chain and the tube, will all become electrified. 

plest mode of ^^S- The Simplest mode of exciting elec- 
mitingelectrtc- tricity is by friction. 

Thus, if a thick cylinder of sealing-wax, or sulphur, or a 
glass tube, be rubbed with a silk handkerchief, a piece of clean 
flannel, or the fur of a quadruped, the electric fluid will be 
excited, and may be communicated to other substances from the 
electric thus excited. 

Whatever substance is used, it must be perfectly dry. If, 
therefore, a glass tube be used, it should previously be held to 
tiie fire, and gently warmed, in order to remove all moisture 
from its surface. 

What is meant ^^^' ^^^ electrkity excited in glass is 
l^ Vitreous and called the Vitreous or positive electricity ; 

fyid^yt* ^^^ ^^^^ obtained from sealing-wax, or other 

resinous substances, is called Resitious^ or 
•%^0^ti;e electricity. 
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970. The vitreouB and lesinons, or, ia 

What are the - , - ... , x« i 

tffects when a Other WOTOS, the poBitive aDd negatiYe elee- 
Myis charged tricities, always accompany each other; hr^ 

with either kind .^ _<• t '^' ^v _i» 

of electricity f " ^^7 Burmce become positiye, the sarnce 

with which it is rubbed will become nega- 
tive, and if any surface be made positive, the nearest con- 
ducting surface will become negative ; and, if positive 
electricity be communicated to one side of an electric, (as 
a pane of glass, or a glass vial), the opposite side will be- 
come negatively electrified, and the plate or the glass is 
then said to be charged. 

971. When one side of a metallic, or other conductoi, 
receives the electric fluid, its whole surface is instantly per- 
vaded ; but when an electric is presented to an electrified body, 
it becomes electrified in a small spot only. 

What is the 972. When two surfaces oppositely electrified are 

effect when united, their powers are destroyed ; and, if tjieir 

two oodt/eM • 

opposUeiy union be made through the human body, it pro- 

dectrijied are duces an affection of the nerves, called an electrio 

'*''^' shock. 

What is the law of ^*^^' Simikr states of electricity repel 
electrical attraction each Other ; and dissimilar states attract 
-^ repulsion t each Other. 

Thus, if two pith-balls, suspended by a silk thread, are both 
positively or both negatively electrified, they will repel each 
other ; but if one be positively and the other negatively electri- 
fied, they will attract each other. 

What is the d*^^- ^^^ Leyden jar is a glass vessel used 
lejfdenjarf for the purpose of accumulating the electrio 
fiuid, procured from excited surfiices. 

^Imn 975. Fig. 143 represents a Leyden jar. It 

'^' ' is a glass jar, coated both on the inside and the 

outside with tin-foil, with a oork, or wooden stopper, throu^ 
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#hioh a metallic rod paases, terminatiiig upwards m a braes 
kaob, and connected by means of a wire, at the other ng. us. 
end, with the inside coating of the jar. The coating 
extends both on the inside and\)Bt8ide only to within 
two or three inches of the top of the jar. Thus pre- 
pared, when an excited sor&ce is applied to the 
brass knob, or connected with it by any conducting 
sur&ce, it parts with its electricity, the fluid enters 
the jar, and the jar is said to be charged. 

When a jar U 976. When the Leyden" jar is 
Ut^eleU^'^ charged, the fluid is contained on the 
ityt surface of the glass. The coating 

serves only as a conductor to the fluid ; and, as this conductor 
within the glass is insulated, the fluid will remain in the jar until 
a communication be Qiade, by means of some conducting sub- 
stance, between the inside and the outside coating of the jar. 
If then a person apply one hand or finger to the brass knob, and 
the other to the outside coating of the jar, a communication will 
be formed by means of the brass knob with tba inside and out- 
side of the jar, and the jar will be discharged. A vial or jar 
that is insulated cannot be charged. 

What is an Elec- 977. An electrical battery is composed of 
trkal Battery ? ^ number of Leyden jars connected together. 

The inner coatings of the jars are connected together by 
chains or metallic bars attached to the brass knobs of each jar; 
and the outer coatings have a similar connection established bj 
placing the vials on a sheet of tin-foil. The whole battery may 
then be charged like a single jar. For the sake of convenience 
in discharging the battery, a knob connected with the tin-foil on 
which the jars stand projects &om the bottom of the box which 
contains the jars. 

What is the joint' ^^^' 1!^^ jointed discharger is m instru- 
ed discharger f meut used to discharge ajar or battery. 

Explain Fig. 144 represents the jointed discharger. It 

^' consists of two rods, generally of brass, temunating 
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^ ont^.eiid in bfass Italk^ and connected ^^ ^^ 

togsdier fttthe other end by a joint, like 

that of a pair of tongs, allowing them 

to be opened or closed. It is furnished 

with a glass handle, to secure the petson 

wfio holds it from the effects of a shock. 

When opened, one of the balls is made to tou<^ the outside 

coating of the jar, or the knob connected with the bottom of the 

batter J, and the other is applied to the knob of the jar or jars. 

A communication being thus formed between the inside and the 

outside of the jar, a discharge of the fluid will be produced. 

Where must ^*^^' When a charge of electrici^-y is to be 
a body be Bent through any particular substance, the 
placed^ tn or- gui)gtance luust form a part of the circuit of 

der to receive *^ •' 

a charge of electricity / that is, it must be placed in such 
electrtafy f ^ manner that the fluid cannot pass from the 
inside to the outside surface of the j^r, or battery, without 
passing through the substance in its passage. 

What effect have sharp 980. Metallic rods, with sharp points, 
metallic points I silently attract the electric fluid. 

If the balls be removed from the jointed discharger, and the 
two rods terminate in sharp points, the electricity will pass off 
silently, and produce but little effect. 

How may a 981. A Leyden jar, or a battery, may be silently 
hatt hTJ^ discharged by presenting a metallic point, even ^hat 
Itnily die- of the finest needle, to the knob ; hut the point must 
charged? ^ brought slowly towards the jar. 

982. It is on this principle that lightning-rods 
ekoteareUght'^^^ constructed. The electric fluid is silently 
ning-rods drawn from the cloud by the* sharp points on the 
fonstruaed f ^^^^ ^^^ .^ ^^^ prevented from suddenly exploding 

on high buildings. 

983. Electricity of one kind or the other is gen- 
^^^^^ hf «»My vndvMd in turroundmg bodies hj the riff^ 



266 NATURAL PUICOSOPHT. 

Uyofh hig^y^ezdted eleotnc Ttaa nod« of 
^^^^f^ manicating electrieity hy appro&ch is 
turn, 

» 

984. A body, on approaching another body powerfblly elec- 
trified, will be durown into a oontrary state 4>f electricity. Ups, 
a feather, brought near to a glass tube excited by &icdoD, will 
be attracted to it; and, therefore, preTiously to its teaching tihe 
tabe, negative electricnty must Kave been induced in it. On the 
oontraiy, if a feather be brought near to excited sedting'-wtx, it 
will be attracted, and, consequently, positive electricity most 
have been induced in it before contact. 

What is ^^^' When electricity is communicated fitan 

EkctrkUyhy one body to another in contact with it, it is 
Transfers ^y^ electricity by transfer. 

WMtsai^ 986. The electrical machine is a machine 

Eiectrtcal 

JlfocAfne,aiuf constructed for the purpose of accumulating or 
•?f^.?""" collecting electricity, and transferrins it to other 
stiuctedt substances. 

987. Electrical Machines are made in various forms, but &n 
on the same principle, namely, the attraction of metallic points. 
The electricity is excited by the friction of silk on a glass sor- 
fitce, assisted by a mixture or preparation called an amalgam, 
composed of mercury, tin, and zinc. That recommended V 
Singer is made by melting together one ounce of tin and two 
ounces of zinc, which are to be mixed, while fluid, with sz 
ounces of mercury, and agitated in an iron or thick wooden box, 
until cold. It is then to be reduced to a very fine powder in > 
mortar, and mixed with a sufficient quantity of lard to form it 
into a paste. . 

The glass surface is made either in the form of a cylinder or 
a circular plate, and the machine is called a cylinder or a plate 
machine, according as it is made with a cylinder or with a plate. 

Explain ^^* ^^* ^^^ represents a plate electrical ma- 

Pi^. 145. ohine. A P is the stand of the machine, L L Ii L 
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>K tta finir ghsa legs, or posts, which sopport and iasnlate the 
parts of the machine. F is the glass plat« (which in some ma- 
chines is a hollow cylinder) from which the electricitj is excited. 
*Dd H is the handle bj which the plate for cylinder) is torned. 
K is a leadier onghion, or rubber, held closely to both ndes of 
the glass plate by a braas clasp, supported by the post G L, 
Thich ia called the rabber-post. S is a silk ba^, embraoed by 
the same clasp that holds the leather coshioa or rubber; and it 
is coiuieoted by strings S S S attached to its three o&er corners, 
aod to the legs L L and the fork F of Ihe prime conductor. 
is tke prime oondnotor, tennina^g at one end with a movabl* 
Hi. ue. 



^nss ball, B, and at the other by the fork F, which has one 
prong on each side of the glass plate. Ou each prong of the 
fork there are several sharp points projecting towards the plate, 
to collect the electricity as it is generated by the friction of the 
plate against the rubber. V is a chain or wire, attached to the 
brass ball on the rubber-post, and resting on the table or the 
floor, designed to couTCy the fluid from the ground to the plate. 
"ben negative electricity is to be obtained, thU chain is re- 
■■laved from the rubber-post and attached to the prime conductor, 
and the electricity b to be gathered from the ball on the rubber- 
poet. 

Eiplamtht ®^^- OpRRiTiON OF TBE Machini. — By turning 
n «/• tJie haodle H, the glass plate is pressed by the ruV 
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OeEleetn' her. The fnotion of the robber agftmsli Hie §m 
cal Machine. ^^^^ ^^^ cylinder) produces a transfer of tbe «ieo* 

trio fluid from the rubber to the plate ; that is, the coshioa be- 
comes negatively and the glass positively electrified. The fluid 
which thus adheres to the glass, is carried round by the rerolu* 
tion of the cylinder ; and, -its escape being prevented by the silk 
bag, or flap, whidi covers the plate (or cylinder) until it ooou» 
to the immediate vionity of the metallic -points on the forkF, 
it is attracted by the points, and carried by them to the prime 
conductor. Po»tive electricity is thus accumulated on the prime 
eonductor, while the conductor on the rubber-postt being deprived 
of this electricity, is negatively electrified. The fluid may then 
be collected by a Leyden jar from the prime conductor, or con- 
veyed, by means of a chain attached to the prime conductor, to 
any substance which is to be electrified. If both of the condoo- 
tors be insulated, but a small portion of the electric fluid ean be 
excited ; for this reason, the chain must in all cases be attached 
to the rubber^post, when positive electricity is required^ and to 
the prime conductor when negative electricity is uxinted. 

What is an ^^^' ^^ *^® prime conductor is placed an 
Ekctrom- 'ElectrometeTj OT measurer of electricity. It is 
^^tat^mind" ™^® ^^ various forms, but always on the prin- 
fle is it con,- ciple that similar states of electricity repel each 
stmcledl Other. 

It sometimes consists of a single pith-ball, attached to a light 
rod in the manner of a pendulum, and behind is a graduated arc, 
or circle, to measure the repulsive force by degrees. Sometimes 
it IS more simply made (as in the figure), consisting of a wooden 
ball mounted on a metallic stick, or wire, having two pith-balls, 
suspended by silk, hair, or linen threads. When the machine 
Is worked, the pith-balls, being both similarly electrified, repel 
each other ; and this causes them to fly apart, as is represented 
in the figure ; and they will continue elevated until the electric- 
ity is drawn off. But, if an uninsulated conducting substanoe 
touch the prime conductor, the pith-balls will fall. The height 
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Id whiek the balls rise, and the qnidcnesa with which they are 
devatod, afford seme test of the power of the machine. Thia 
simple apparatus may be attached to any body the electricity 
of wkieh we wish to measure. 

The balls of the electrometer, when elevated, are attracted by 
any lesmoos sohstanoe, and repelled by any vitreons substance 
that has been previously excited by friction. 

991. If an electric, or a non-conductor, be presented to the prime 
conductor, when charged, it will produce no effect on the balls ; 
but if a non-electric, or any conducting substance, be presented 
to the conductor, the balls of the electrometer will ML This 
shows thai the conductor has parted with its electricity, and 
that the fluid has passed off to the earth through the substance, 
and the hand of the person presenting it. 

DeM!rih^ 992. An Electroscope is. an instrument, of more 

BmnetVs delicate construction, to detect the presence of 
Ekaro8cope. electricity. The most sensitive of this kind of 
apparatus is that called Bennett's Gold-leaf Electroscope, im« 
proved by Singer. It consists of two strips of gold-leaf suspended 
under a glass covering, which completely insulates them. Strips 
of tin-foil are attached to the sides of the glass, opposite the 
gold-leaf, and when the strips of gold-leaf diverge, they will touch 
the tin-foil, and be discharged. A pointed wire surmounts the 
instrument, by which the electricity of the atmosphere may be 
observed. 

993. An Electrophorus is a simple apparatus by which small 
portions of electricity may be generated by induction^^t con- 
tttts of a disc, or circular cake of resinous substance,'^ on wmcir 
ia laid a smaller circular disc of metal, with a glass handle. Rub 
the resinous disc with hair or the fur of some animal, and the 
metallic disc, being pressed down on the resin by the finger, 
>nay then be raised by the glass handle. It will contain a small 
portion of electricity, which may be communicated to the Leyden 
jar, and thus the jar may dowly be charged. 

• A miztiirt of Bhell-Uo, redn and Venioe-torpeniine, oast in a tin mould. 
23* 
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994. EXPKRIMKNTS- WITH THX EUECTRTCAL MaCHIKK. -^ in 

peforming experimonts with the Electrical Machine, great care 
most be taken that all its parts be perfectly dry and deaiu 
Moisture and dust, by carrying off the electricity as fast as it » 
generated, prevent sucoessAil action. Clear and cold weftther 
should be chosen, if possible, as the machine will alwiiys perfbrm 
its work better then. 

995. When the machine is turned, if a person touch the prime 
conductor, the fluid passes off through the person to the floor 
without his feeling it. But if he present his finger, his knuckle, 
or any part of the body, nsat to the conductor, without tonchiDg 
H, a spark will pass from the conductor to the knuckle, whidi 
will produce a sensaiion similar to the pricking of a pin or 
needle. 

996. If a person stand on a stool with glass legs, or any other 
non-conductor, he will be irisulated. If 'in this situatioD he 
touch the prime conductor, or a chain connected with it, when 
the machine is worked, sparks may be drawn from any part of 
the body in the same manner as from the prime conductor. 
While the person remains insulated, he experiences no sensation 
from being filled with electrioity ; or, if a metallic point be pre- 
sented to any part of his body, the fluid may be drawn o& 
silently, without being perceived. But if he touch a blunt piece 
of metal, or any other conducting substance, or if he step from 
the Htool to the floor, he will feel the electric shock ; and the 
shock will vary in force according to the quantity of fluid with 
whiqh^^»<harged. 

•^WT^The Tissuje Figdbb. Fig. 146 is a 
figure wUh a dress of fancy paper cut into 
narrow strips. When placed on the prime 
conductor, or, being insulated, is connected 
with it, the strips being all electrified will 
recede and form a sphere around the head. 
On presenting a metallic point to the elec- 
trified strips, very singular combinations 
Mrill take place. If the electrometer be 
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remoTed ftom the prime oonduetor, and a tuft of featheTS, or 
hair, fitstened to a sHek or wire, be put in its place, on taming 
the machine the feathers or 'hair will become electrified, and the 
veparate hairs will. rise and r^l each other. A toy is in this 
way oonstracted, representing a person under excessive fright 
On toaching the head with the hand, or any conducting sabstance 
not insulated, the hair will &11. 

How is the 998. The Leyden jar may be charged by pre* 
^ip^'^2/^ senting it to the prime conductor when the machine 
^^ ' is worked. If the ball of the jar j»uch the prime 
oonduetor it will receive the fluid silently ; but, if the ball of 
the jar be held at a small distance from the prime conductor, the 
quirks will be seen darting from the prim^ conductor to the jar 
with considerable noise. 

999. The jar may in like manner be filled with negative eleo • 
tricity by applying it to the ball on the rubber-post, and con- 
necting the chain with the prime conductor. 

1000. If the Leyden jar be charged from the prime conductor 
(that is, with positive electricity), and presented to the pith-balls 
of the electrometer, they will be repelled ; but if the jar be 
charged from the brass ball of the rubber-post (that is, with 
negative electricity), they will be attracted. 

1001. If the ball of the prime conductor be removed, and a 
pointed wire be put in its place, the current of electricity flowing 
Grom the point when the machine is turned may be perceived by 
placing a lighted lamp before it ; the flame will be blown from 
the point ; and this will be the case in what part soever of the 
machine the point is placed, whether on the prime conductor or 
the rubber ; or if the point be held in the hand, and the flame 
placed between it and the machine, thus showing that in all 
cases the fluid is blown from the point. Delicate apparatus 
may be put in motion by the electric fluid when issuing from a 
priint. In this way electrical orreries, mills, &c., are constructed. 

1002. If *he electrometer be removed from the prime con- 
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dwtor, and a pobtod mM he sabrttlated ftr H^ a imt willi 

ilwrp points bent in Um form of an S, balaneed on it, will bo 

nwde to rOToWe npidl j. In a siniilar numnor the motioa of 

th» 0un and tho eartk around tlioir oonunon centre of gianiji 

togedier with the motion of the earth and the moon, may be 

represented. This apparatus is sometimes called an Eleeteiool 

Tellurium. It may rest on the prime conductor or upon an insop 

Uted stand. 

Describe .1008. Adiimeofsmallbellsonastand, 

Fig. 147. Fig. 1479 maj also be rung by means of 

brass balls suspended from the reToMng wires. 

The principle of this revolution is similar to that 

mentioned in connection with the reyolving jet, 

Fig. 98, which is founded on the law that action 

and reaction are equal and in opposite directions. 

1004. If powdered resin be scattered over dry 
cotton-wool, loosely wrapped on one end of the 
jointed discharger, it may be inflamed by the discharge of the 
battery or a Leyden jar. Gunpowder may be substituted for the 
resin. 

1005. The universal discharger is an instrument for 
directing a 'charge of electricity through any substance, 
with certainty and precision. 

Explain 1006. It consists of two sliding rods, A B and \ 

^ff' 148. j)^ terminating at the extremities, A and B, with b^a* 

balls, and at the other ends which ^ ^' ^*** ^ 

rest upon the ivory table or stand 

E, having a fork, to which any. 

small substance may be attached. 

The whole is insulated by glass 

legs, or pillars. The rods slide 

through collars, by which means their distance firomone aoothe 

may be adjusted. 

1007. In using the universal discharger one of the rods or 
slides must be connected by a chain, or otherwise, with the oat' 
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Bide^ aod.the other with the inude coating of the jar or battery* 
Bjr this meaDS the substaoce through whioh the charge is to bo 
/lent 18 placed within the eleetrie circuit. 

1008. By meuia of the uniyeraal disdiarger, any small metal- 
lie substance may be burnt. The substance must be placed in 
the forks of the slides, and tibe slides placed within the eleetrie 
circuit, in the manner described in the last paragraph. In the 
flame manner, -by bringiog- the forks on the slides into contact 
with a substance placed upon the ivory stand of the discharger, 
Buch as an egg^ a piece of a potato, water, &c, it may be illu- 
miDated* 

1009. Ether or alcohol may be inflamed by a spark commimi* 
cated from a person, in the following mannejr : The person stand- 
ing on the insulating stool receives the electric fluid from the 
prime conductor by touching the conductor or any conducting 
Bobstance in contact with it; he then inserts the knuckles of 
his hand in a -small quantity of sulphuric ether, or alcohol, held 
in a shallow tnetallic cup, by another, person, who is not insu- 
hkted, and the ether or alcohol immediately inflames. In this 
case the fluid passes from the conductor to the person who ia 
insulated, and he becomes charged with eleclricity. As soon 
u he touches the liquid in the cup, the electric fluid, passing from 
Um to the spirit, sets it on fire. 

1010. The electrical bells are designed to show the effects 
of electrical attraction and repulsion. 

1011. In some sets of iostraments, the bells are insulated on a 
Mparate jitand ; but the mode here described is a convenient mode 
of connecting them with the prime conductor. 

^ 1012. They are ^ w«-J^- __ 

^^ ^S' thus to be ap. 

plied: The ball 
B of the prime conductor, with 
^ rod, is to be unscrewed, and 
^.md en iflueh the belle are 
">>P«ided is to be screwed in its 
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place. The middle bell is to' be connected by a chain with 
the tabic or the floor. When the machine is turned, the ballt 
suspended between the bells will be alternately attracted and* 
repelled l^ the bells, and cause a constant ringing. If the bat- 
tery be charged, and connected with the prime conductor, th6 
bells will continue to ring until all the' fluid from the battery 
has escaped. ^ . 

It may be observed^ that the fluid f^om the prime oondacto 
passes readily from the two outer bells, whieh are suspended by 
chains; they, therefore, attract the two balls towards them. 
The balls, becoming electrified by contact with the outer bell?, 
are repelled by them,. and driven to the middle bell, to whicL 
they communicate their electricity ; having parted with their 
electricity, they are repelled by the middle bell, and again 
attracted by the outer ones, and thus a constant ringing is 
maintained. The fluid which is conmiunicated to the middle 
bell, is conducted to the earth by the chain attached to it. 

ExpUdn what 1013. Spiral Tube. — The passage of the 
Fig. 150 rep- electric fluid from one conducting substance to 
^^ *• another, is beautifully exhibited by means of a 

glass tube, having a brass ball at each 'end, and coated in 

llg. 160. 
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the inside with small pieces of tin-foil, placed at small dis- 
tances from each other in a spiral direction, as represented in 
Fig. 150. 

1014. In the same manner various figures, letters and words, laay 
be represented, by arranging similar pieces of tin-foil between two 

Sieces of flat glass. These experiments appear more brilliant in a 
arkened room. 

1015. The Hydrogen Pistol. — The hydrogen 
1^ ^' pistol is made in a variety of ibrms, sometimes 

in the exact form of a pistol, and sometimes in 



tbe form of a pieos oF ordnance, ^e tarm 
in Fig. 151 is a simptalaod cheap contrivance, 
aod is Bu£eient to explain the manner in 
vhiob the instmment is to be used in any of 
its fbrou. It is to be filled vith hjdrogen gas, 
■and a cork inserted, fitting tightly. When 
thiu prepared, if tjie insulated knob ^ be pre- 
■tnted to tlie prime condactor, it will immei^telf explode. 

1016. A very convenient and eoonomic«l 
t^vlam tig, ^jj^y uf procnring hydrogen gaa for this and 

other experiments, is by means of the hydrogen 
gat generator, as represented in Fig. 152. It consists of aglaae 
vend, with a brass cover, in the centre of which is 
■ stop-cock ; from the inside of the cover another 
glass vessel is anspended, with its open end down- 
wards. Within liiis a piece of zinc is suspended by 
a wire. The outer vessel contains a mixture of sol* 
phnric acid and water, about nine parts of water to 
one of aoid. When the oover, to which the inner 
^ass is firmly fixed, is placed upon the vessel, the 
aoid, acting apon the cine, causes the metal to 
absorb the oxygra of the water, and the hydrogen, 
the other eonstitnent part of the water, being thus 
disen^ged, rises in tbe inner gUss, from which it expela tiie 
water i and when the stop-cock is turned the hydrogen gas may 
be eoUeeted in the hydn^en pistol, or any other vessel. In tha 
OH of hydrogen gas for expioaioo, it will be neceasuy to dilute 
the gai with an equal portion of atmospheric air. 

1017. Elbctbicai. Spoxtwiaw.— Fig; 168 
^/&^i^ represents the Electrical Sportmnan. From Uic 

larger ball of a Leyden jar two birds, made of 
pith (a substance procured in large quantities from tiie own- 
stalk, the whole of which, except the outude, is composed of 
pith), an saqMnded by a linen thread, Eolk, or hair. When the 
jar is ohatged, the birds will rise, as represented in lh« figure, 
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on Mooimt of the Tepni- ii»>il0. 

rioa of Uie fluid in the jar. 

1018. If the jar be then 
placed on the tin*foil of the 
stand, and the smaller ball 
placed within a half inch 
of the end of the gan, a 
discharge will be produced, 
and the birds will hXL 

1019. If images, made of pith, or small 
wfr^^ ^' pieces of paper, are placed under the insulated 

stool, and a connection be made' between the 
prime oonductor and the top of the stool, the images will be 
alternately attracted and repelled ; or, in other words, thej will 
first rise to the electrified top of the stool, and thus becoming 
themselves electrified, will be repelled, and fall to the ground, 
the floor, or tiie table ; where, parting with their 
dectricitj, thej will again be attracted by the 
stool, tl^us rising and falling with considerable 
ripidity. In order to conduct this experiment 
sdccessftdly, the images, &c., must be placed 
within a short distance of the bottom of the 
BtooL ^ 

1020. On the same principle light figures 
may be made to dance when placed between two 
&cs, the lower one being placed upon a sliding 
stand with a screw to adjust the distance, and 
the upper one being suspended from the prime conductor, aa in 
Fig. 154. 

1021. A hole may be perfl)rated' through a quire of paper 
by chargtDg the battery, resting the paper upon the brass ball 
of the battery, and making a communication, by means of the 
jdinted discharger, between the ball of one of the jars, and the 
brass ball of the box. The paper, in this case, will be between 
the ball of the battery and the end of the dischar^r. 
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14)22, Oold-kiif vaj be forced bto ike ' perw of glaae bj 
placing it between two slips of wiodow-gliass, pressing the slips 
of glass firmlj together, and / sending a shock .^ from a battery 
throQgh thenu 

If gold-leaf be placed between two cards, and a strong charge 
be passed through them, it will be completely fused. 

1023. When electricity enters at a point, it appeaiti in 
the fi)rm of a star; but when it goes out from a point, it 
puts on the appearance of a brush. 

1024. The thunder-house, Fig. 155, is de« 
l^ ^' signed to show the security a£forded by light- 

ning-rods when lightning strikes a building* 
This is done by placing a highly>«ombustible material in the 
innde of the house, and passing a 
charge of electricity through it. On 
the floor of the house is a sur&ce of 
tin-foil. The hydrogen pistol, being 
filled with hydrogen gas from the 
gasometer, must be placed on the floor 
of the thunder-house, and connected 
with the wire on the opposite side. 
The house being then put together, a chain must be connected 
with the wire on the side opposite to the lightning-rod, and the 
other end placed in contact either with a single Leyden jar or 
with the battery. When the jar, thus situated, is charged, if a 
connection be formed between the jar and the points of the 
lightning-rod, the fluid will pass off silently, and produce no 
ettook But, if a small brass ball be placed on the points of the 
rod, and a charge of electricity be sent to it from the jar or 
the battery, the gas in the pistol will explode, and throw the 
parts of the house ac(hnder with a loud noise. 

1025. The success of this experiment depends upon the proper oon 
nection of the jar with the lightning-rod and the electrical pistol 
On the side of the house opposite to the lightnin^rod there is a 
wire, passing through the side, and tcriuinatiug on the outride in a 
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hook. When the faoate in put togetbor, thia wire, in tho innde, 
must touch the tin-foil on the floor of the house. The hydrOfgeii 
pifttol must stimdon the tin-foil, and its insulated knoh^or ynre, pro- 
jecting from its side, must be connected with the lower end of the 
lightning-rod, extending into the inside of the house. A oommnhi 
cation luust then be made between the hook on the outside of the 
house and the outside of the jar, or battery. This is convenientlj 
done by. attaching one end of a chain to the book, and holding the 
other end in the nand against the side of a charged jar. Bj pre- 
senting^ the knob of the jar to the points of the lightning-roa no 
effect IS produced ; but if a brass ball be placed on the points at P, 
and the knob of the jar be presented to the ball, the explosion will 
take place. If the cnarged jar be very suddenly presented to the 

Soints, the explotton may take place ; and the jar may be silently 
ischarged if it be brought very slowly to the l>all. The thunder- 
house is sometimes put together with magnets. 

What is light- 1026. The phenomena of lightning are 
ning and thun- Claused by the rapid motion of vast quanti- 
ties of electric matter. Thunder is the noise 
which accompanies the passage of electricity through the 
air. 

WuU is «vp- 1027. The aurora borealis (or northern 
posed to be Uie lighte) is supposed to be caused by the electric 
^^^"*%^nhist ^^^^ passbg through highly-rarefied air ; and 

most of the great convulsions of nature, sach 
AS earthquakes, whirlwinds, hurricanes, water-spouts, &c., are 
generally accompanied by electricity, and often depend upon it. 

1028. The electricity which a body manifests by being brought 
near to an excited body, without receiving a spark from it, is 
said to be acquired by induction. When an insulated but nn- 
electrified conductor is brought near an insulated charged oon- 
ductor, the end near to the excited conductor assumes a state 
of ophite electricity, while the &rther end assumes the same 
kind of electricity, — 'that is, if the conductor be electrified 
positively, the uneleotrified conductor wilf be negative at the 
nearer end, and positive at the further end, while the middle 
point evinces neither positive nor negative electricity. [Sm 
No. 993. 

1U29. The experiments which have now been described exeni' 
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plifjr all the etoientafr principles of the seieiioe of eleettici ty * 
These experiments may oe^^aried, multiplied, and extended in inna« 
merable forms, bj an ingenious practical electrician. Among other 
things with which the subject may be made interesting, may bo 
mentioned the following facts, &c. 

1030. A number of feathers, suspended by strings from an insu- 
lated oonductins substance, will rise and present tl^ appearance of 
a flight of birds. As soon as the substance is discbai^ged, the 
feathers will fall. The experiment may be yaried by placing the 
sportsman on the prime cpnductor, without the use of the Leyden 
jar, to which the birds are attached. 

1031. Instead of the Leyden jar, a plate of common glass (a pane 
of window'glass, for instance) may be coated on both sides witk 
tin-foil, leaving the edges bare. A bent wire balanced on the edge 
of the glass, to the ends of which balls may be attached, with an 
iniage at each end, may be made to represent two persons tilting, on 
the same principle by which the electrical bells ore made to ring. 

1032. Miniature machinery has been constructed, in which the 
power was awheel,Vith balls at the ends of the spokes, situated 
within the attractive influence of two larger balls, diTOrently electtri- 
fied. As the balls on the spokes were attracted by one of the laraer 
bulls, they chan^d their electrical state, and were attracted by the 
other, which, in its return, repelled them,aDd thus the motion being 
givra to tlie wheel was communicated by cranks at the end of the 
ft^o to the saws above. 

1033. When the hand is presented to the prime conductor, a 
^park is communicated, attenaed with a slightly painful sensation, 
l^ut, if a pin or a needle be held in the hand with the point towards 
the conductor, neither spark nor pain will be perceived, owing to 
the attracting (or, perhaps, more properly speaking, the receiving) 
ptnoer of the point. 

1034. That square rods are better than round ones to condtict 
electricity silently to the ground, and thus to protect boildingSy 
iQ&y be proved by causing each kind of rod to approach the 
prime conductor when charged. It will thus be perceived that, 
w^e little eflfect is produced on the pith-balls of the electrom- 
®^ by the near approach of the round rod, on the approach 
of the square one the balls will immediately fiiU. The round 
'od, also, will produce an explosion and a spark &om the ball 
of the prime conductor, while the square one will draw off the 
fiuid silently. 

1035. The effects of pointed conductors upon clouds charged 
^th electricity may be familiarly exemplified by suspending a 
BBUiU fleece of cottou*wool from the prime conductor, and 
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other smaller fleeces from *the upper one, by small filaments. 
On presenting a point to them thej Will be repelled, and all 
dimwB together ; but, if a blnnt condactor approadi them, thej 
will be attracted. 

1036. From a great variety of &cts, it has been asoartainedf 

that lightning-rods afford but little security to any . part of a 
buikliDg beyond twenty feet from them; and that when a rod is 
painted it loses its conducting power. 

What are the 1037. The li^tning-rods of the most ap* 

he»t kinds of proved construction, and in strictest accordance 

Ughtninff-rods f •i.i. u*i l» i • • i j m 

^ ^ with philosophical prmciples, are composed of 

Mmall square rods, similar to nail^rods. They run over the 

building, and down each of the corners,, presenting many 

elevated points in their oouise. At each of the comers, and on 

the chimneys, the rods should be elevated several feet above the 

building. If the rods are twisted, it will be an improvement^ 

as thereby the sharp sur&ces presented to ooUeot the fluid will 

point in more varied directions. 

1088. The removal of silk and woollen garments, worn during the 
day in cold weather, is often auoompanied by a slight noise, resom- 
biing that of sparks issuing from a fire. A similar eflect is pro- 
dnoed on passing the hand lofdy over the back of a oat. These 
efiects are produced by electricity. 

^ 1089. It may here be remarked, that the terms positive and nema 
tive, are merely relative terms, as applied to the subject of electrfo-' 
ity. Thus, a body which is possessed of its natmral share of 
eieetrictty, is positive in respect to one that has less, and negative 
in respect to one that has more than its natural share of the fluid* 
So, also, one that has more than its natural share is positive with 
reeard to one that has only its natural share, or less than its natu- 
ral share, and negative m respect to one having a larger sheie 
than itself. 

1040. The experiments with the spiral tube connected with Fig. 
150 may be beautifully varied by hannc a coUectioo of sooh tabes 
placed on a stand ; and a jar coated with small strips, resembling a 
brick wall, presents, when it is charged, a beautiful appearance in 
the dark. 

1041. The electric fluid occupies no peroeptible spaoe of time 
in its passage through its circuit. The rapidity of its motion has 
been estimatod as hieh as 288,000 miles in a second of time. It 
always secius to ^ireier the shortest passage, when the ouodnolors 
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lie eqa^j good. ThnB, if two, ten, a hundred, or a tfaoiuaiid or 
more persons, joiQ hands, and be made part of the circuit of the fluid 
in passing from the inside to the outside of a Leyden jar, they will 
all feel the shock at the same moment of time. But, in its passage^ 
the fluid always prefers the best conductors. Thus, if two clouds, 
differently electrified, approach one another, the fluid, in its passsj^ 
from one cloud to the other, will sometimes take the carta in its 
coarse, because the air is a bad conductor. 

1042, In thunder-storms the electric fluid sometimes passes from 
the clouds to the earth, and sometimes from the earth to the clouds, 
and sometimes, as has just been stated, from one cloud to the earth, 
and from the earth to another cloud.* 

What are 1043. It is DOt safe, diuring a thnnder-Btorm, to 

tompanOwehf take shelter tinder a tree, because the tree attracts 

jfl/« mduiir ^g fly j^^j u^g human body being a better con- 

safe postttons ^ o 

during a ductor than the tree, the fluid will leaye tiie tree 

^fom&r-giormf and pass into Ae body. 

It is also unsate to hold in the hand edge-tods, or any sharp 
point which will attract the fluid. 

The safest position that can be chosen during a thunder-storm 
18 a recumbent posture on a feather bed ; and in all situations a 
noambent is safer than an erect position. No danger is to be 
spprehended from lightning when the interval between the flash 
•nd tiie noise of the explosion is as much as three or four seo- 
onds. This space of time may be conTeniently measured by the 
beatings of the pulse, if no time-piece be at hand. 

1044. Lightnine-rods were first proposed by Dr. Franklin, to whom 
is also ascnbed the honor of the discovery that thunder and light- 
aing are the efiects of electricity. He raised a kite, constructed of a 
•ilk handkerchief adjusted to two light strips of cedar, with a 
pointed wire fixed to it ; and, fastening the end of the twine to a key, 
snd the key, by means of a piece of silk lace, to a post (the silk lace 
■erring to insulate the whole apparatus), on toe approach of a 

* Ammg the eommon effeota of Ughtning one of the moat fkmilisr ia its 
•ffeet on milk. The reason that milk frequently turns sour during the 
pivvaleooe of a thonder-atorm, or when the tAr is suroharged with eleo* 
trieity, may be thus explained: The air oonsista of two gaaes, called oxy- 
S^n and nitrogen, mixed together, but not ohemioally combined. Oxygen 
•MNUwd with nitrogen prodnoea fire deadly polaona ; namely, nitrona 
oxide, nitric oxide, hyponitroos aoid, nitrons aoid, and nitrio aoid, aooord* 
iag to the proportion of eaoh gas whioh enters into the eombination. The 
•leokno fluid causes these gases, whieh are merely mixed in the air, oheni> 
ieally to combine, and form an aoid, which oauseH the milk to turn sour. 
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thimder-clood, he was able to collect sparks from the key, to ehaige 
Lejden jars, and to set fire to spirits. This experiment established 
the identity of lij^htning and dectricitj. The experiment was a 
dangerous one, as ^'as proved in the case of Professor Kichman, of 
St. Petersbnreh, who fell a sacrifice to his zeal for electrical sdence 
4>j a stroke of lightning from his apparatus. 

What are the ^^45. Among the most remarkable facts oon- 
ELectrUal nected with the science of electricity, may be men* 
Ammais. tioned the power poasessed by certain species of 
fishes of giving shocks, similar to those produced by the Leyden 
jar. There are three animals possessed of this power, namely, 
the Torpedo, the Gymnotns Electricus (or Surinam Eel), and 
the Silums Electricus. But, although it has been ascertained 
that the Torpedo is capable of giving shocks to the animal sys- 
tem, similar to those of the Leyden jar, yet he has never been 
made to afford a spark, nor to produce the least effect upon the 
most delicate electrometef . The Gymnotus gives a small bat 
perceptible spark. The electrical powers of the Silurus are in- 
ferior to those of tbe Torpedo or the Gymnotus, but still sufficient 
te give a distinct shock to the human system. This power seems 
to have been bestowed upon these animals to enable them to 
secure their prey, and to resist the attacks of their en^mea. 
Small fishes, when put into the water where the Gymnotus is 
kept, are generally killed or stunned by the shock, and swallowed 
by the animal when he is hungry. The Gymnotus seems to be 
possessed of a new kind of sense, by which he perceives whether 
the bodies presented to him are conductors or not. The consid- 
eration of the electricity developed by the organs of these ani- 
mals of the aquatic order, belongs to that department called 
Aidmal Electricity. 

1046. It will be recollected that the phenomena which have 
now been described, with the exception of what has just been 
stated as belonging to animal electricity, belong to the subject 
of Jrictional electricity. But there are other forms in which 
this subtle agent presents itself, which are yet to be described, 
which show th&t its operations are not confined to beautiful 



^q^eriments, BDoh as haye already been proflented, nor to iha 

terrific and tremendous effects that we witness in the storm and 
the thunder-gust. Its powerful agency works unseen on the 
intimate relations of the parts and properties of bodies of every 
description, effecting changes in their constitution and character 
so wonderfully minute, thorough and universal, that it may 
almost be considered as the chief agent of nature, the prime 
minister of Omnipotence, the vicegerent of creative power. 

What is 1047. Galvanism, or Voltaic Electrio- 

Galomismf ixy. — Galvanism, or Voltaic Electricity, is a 
branch of electricity which derives its name from Galvani, 
who first discovered the principles which form its basis. 

1048. Dr. Aloysius Galvani was a Professor of Anatomy in Bolog- 
na, and made his discoveries about the year 1790. His wife, being 
consamptive, was advised to take, as a natritive article of diet, some 
soup made of the flesh of frogs. Several' of these animals, recently 
skinqed for that purpose, were lyin^ on a table in his laboratory, 
neap an electrical machino, with which a pupil of the professor was 
amasine himself in trying experiments. While the machine was in 
action, he chanoed to touch the bare nerve of the leg of one of the 
frogs with the blsule of a knife that he held in his hand, when sud- 
denly the whole limb was thrown into violent convulsions. Galvani, 
being informed of the fact, repeated the experiment, and examined 
minutely all the circumstances connected with it. In this way he 
was led to the discovery of the principles which form the basis of 
this science. The science was subsequently extended by the discov- 
eries of Professor Volta, of Pavia, who first constructed the galvanic 
or voltaic pile, in the |)eginoing of the present century. 

To produce electricity mechanically (as has been stt^ted under the 
head of frictional electricity), it is necessary to excite an electric or 
non-conducting substance by friction. But galvimic action is pro- 
duced bv the contaet of different conducting substances having a 
chemical action on one another. 

How does gal" ^^^^' Frictional electricity is produced by the 
tanism differ mechanical action of bodies on one another ; but 

aTekJridtv^'' S**^"^^^"** ^' galvanic electricity, is produced by 
their chemical action. 

Wiat is the 1050. The motion of the electric fluid, excited 

difference in fcy galvanic power, differs from that explained 
the effects of ^ ° ., , j c^i,-^ \ i ^ • •* • •* • 
frictional and '"^^^r the head of frictional electricity in its in- 
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clemiMl €Ao> iMmij and dnntkn ; for^ whUe the ktter eidhibite 
fncUy f itaelf in mdden and iniennittod ahooka and explo* 

sionB, the fimnar oontinnes in a oonstant and uninlermpted car- 
rent bo long aa the ohemical action continues, and is inteimpted 
onl J b J the sefAration of the substances by which it is produced.* 

1051. The nerves and muscles of animals are 
sensitive to ™<>^ casU J affected by the galvanic fluid ; and the 
the galvame yoltaic or galvanic battery possesses the most sur- 
-^^ ' prising powers of chemical decomposition. 

^ ",'*f .^. 1052. The galvanic fluid, or influence, is ex- 
exdted f cited by the contact of pieces of difierent metal, 
and sometimes by different pieces of the same metal. 

1053. If a linog frog, or a fiah, hawing a slip of tin-foil on its back, 
be placed upon a piece of sine, spasms of the muscles will be ex- 
cited whenever a communication is made between the zinc and the 
tin-foil. 

1054. If a person place a piece of one metal, as a half-dollar, 
above his tongue, and a piece of some other metal (as zinc) below 
the tongue, he will perceive a peculiar taste ; and, in the dark, will 

* The different action of gravity on tbe particles of water while in the 
li<|iiid state, and the same partioles in the solid state in the form of iee, haa 
been explaiiied in the early pages of this Tolmne. In the one ease eaeh 
particle gravitates independently, while in the form of iee they gravitate 
in one mass. The fall of a body of ice would therefore produce more aerioos 
injury than the fall of the same quantity of water in the liquid form. There 
is a kind of analogy (which, though not sufScient for a philosophical expla- 
nation, may serve to give an insight into the difference between the effect* 
prodnolMl by friotional electricity and that obtained by chemical means,) 
between the gravitation of water and ice, respectively, and the motion of 
friotional and ohemical electricity. If the water be dropped in an infinitely 
narrow stream, its effects, although mechanically equal, would be so gradoal 
as to be imperceptible. So, also, if a given portion of electricity be set in 
motion as it were in one mass, and an equal quantity move in an infinitely 
narrow current, there will be a corresponding difference in its apparent 
results. The difference in intensity may perhaps be partially understood by 
thia illustration, although a strict analogy may fail to have been made out, 
owing in part to the nature of an imponderable agent. .A strict analogy 
cannot exist between the operatidns of two agents, one of which is pondera- 
ble and the other imponderable. But, that there is something like ao 
analogy existing in the cases cited, will appear from statements which have 
been made on good authority, namely, that there is a greater quantity of 
electricity developed by the action of a single drop of acid on a very minute 
portion of sine, than is osuaUy brought into action in the darkest cloud thai 
shrouds the horlion. 
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Me a flash of lig^ whenerer tha outer edges of the metels sm in 

contact. 

1055. A fiiint flash may be made to appear before the e^es by 
jmttinj; a slip of tin-foil upon the bolb of one iji the eyes, a pieee of 
stiver in the mouth, and making a oommunioaticm between tbem. 
In these experiments no efiect is produced so long as the metals are 
kept apart ; bat, on bringing tbem into contact, the eflbcts above 
described are produced. 

What is ea- l^^^* ^^ ^^ eascntial in all caaes to have three 

sentialio pro- elements to produce galvanic action. In the ez« 
duce galvanic periments which have already been mentioned in 
the case of the frogs, the fish, the mouth and the 
eye, the moisture of the animal, or of the mouth, supplies the 
place of the add, so that the three constituent parts of the oirole 
are completed. 

Bow are the 1057. The conductors of the galvanic fluid, 

conductors of m . . . 

gahanism di- ^^® those of frictional electricity, are divided 
***^' into the perfect and the imperfect Metallic 

Bubstances, plumbago and charcoal, the mineral acids and 
saline solutions, are perfect conductors. Water, oxydated 
fluids, as the acids, and all the substances that contain these 
fluids, alcohol, ether, sulphur, oils, resins and metallic 
oxydes, are imperfect conductors. 

What y d f ^^^^* ^® *^^^ employed in the galvanic cir- 
acid must be ^^ must always be one that has a strong affinity 
ployed in for one of the metals in the circuit. When zino 
'*'" * is employed, sulphuric acid may form one of the 
three elements, because that acid has a strong affinity for zino. 

What is a law ^0^^« -^ certain qiumtity of electricity is always 
^/chemical developed tohenever chemical action takes place 
between a JIuid and a solid body. This is a gen- 
eral law of chemical action ; and, indeed, it has been ascertained 
^at there is so intimate a connection between electrical and 
chemical caanges, that the chemical action can proceed only to 
ft certain extent, unless the electrical equilibrium, which has 
'^ecn dist'u-bed, be again restored. Henoe» we find that in Ukt 
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•inple, M well as in tke oonpoimd galyanie circle, l^e oxjdation 
of the zino proceeds with activity whenever the galvanic circle 
is completed ; and that it ceases^ or at least takes place very 
slowly, whenever the circuit is interrupted. 

What is neces' 1060. To produce any galvanic action it is 
ui'ZcUegal- necessary to form what is called a galvanic 
voMtc action f circle ; that is, a certain order or succession of 
substances capable of exciting electricity. 

Of what is the 1061. The simplest galvanic circle is com- 
simplest gal- posed of three conductors, one of which must 
composed f ^ solid, and one fluid ; the third may be either 

solid or fluid. 
W}*^ is the 1062. The process usually adopted for obtiun- 

/i^ oUohine^ ^°8 galvanic electricity is, to place between t^o 
galvanic eieo plates of different kinds of metal a fluid capable 
tncuy f Qf exerting some chemical action on one of the 

plates, while it has no action, or a different action, on the other. 
A communication is then formed between the two plates. 

Explain 1063. Fig. 156 represents a 
- *^ / simple galvanic circle. It con- 
sists of a vessel containing a portion of 
diluted sulphuric acid, with a plate of zinc, 
Z, and of copper, 0, immersed in it. The 
plates are separated at the bottom, and the 
circle is completed by connecting the two 
plates on the outside of the vessel by means 
of. wires. The same effect will be pro- 
duced, if, instead of using the wires, the 
metallic plates come into direct contact. 

txrj. * *r. 1064. In the above ar- 
What are the 

essential parts ^^^E^^^^^ there are three 

of a galvanic elements or essential parts, 
circle ' . 

namely, the zinc, the copper, 

and the aoid. The acid, acting chemically upon the zino, pro 



Fig. 156. 
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duces an alteration in the electrical state of the metal. The 
QDC, oommnnicatiDg its natural share of the electrical flnid to 
the acid, becomes negatively electrified. The copper, attracting 
the same fluid from the acid, becomes positively electrified. Any 
ooodacting substance, therefore, placed within the line of com- 
manication between the positiye and negative points, will re- 
ceive the charge thus to be obtained. The arrows in Fig. 156 
show the direction of the current of positive electricitj, namely, 
from the zino to the fluid, firom the fluid to the copper, from 
the copper back through the wires to the zinc,* passing from 
sine to copper in the acid, and from copper to zino out of the 
acid. The substance submitted to«the action of the electric cur- 
Where must a t^^^^ mosi be placed in the line of communication 
substance be between the copper and the zinc. The wire con- 
affeciedimgal'^^^ with the copper is called the positive pole^ 
vanic action / and that connected with the zinc the negative pol^, 
and in all cases the substance submitted to galvanic action must 
^ placed between the positive and negative poles. 

1065. The electrical effects of a simple galvanic circle, such aa 
lias now been described, are^ in general, too feeble to be perceived, 
except by very delicate tests. The muscles of animals, eq>eoially 
those of cold-blooded animals, such as frogs, &c., the tongue, the 
eye, and other sensitive parts of the body, being very easily 
afiected, afford examples of the operation of simple galvanie 
circles. In these, although the quantity of electricity set in 
Biotion 18 exceedingly small, it is yet sufficient to produce very 
oonsiderable effects ; but it produces little or no .effect on the 
most delicate electrometer. 

r, , 1066. The galvanic effects of a simple circle 

tiowmaygdl- , . °, , . *^ , , 

^anic action he rm»j be increased to any degree, by a repetition 
uncreated 1 Qf ^jjc same simple combination. Such repe- 
titions constitute compound galvanic circles, and are called 
galvanic piles, or galvanic batteries, according to the mule 
iu which they are constructed. 




288 NATURAL PHILOSOPUY. 

1067. It appears at first view to be a nngolar lact, tbat^ in a simple 
galvanic oirdei comj^osed of sine, add and copper, the sdno end 
will always be negative, and tbe c0pper end positive ; while, in all 
amtnotchd ^Ivanio circles composed of the same elements, the cine 
will be positive, and tbe copper negaiwe.* This apparent diflerence 
arises from the compound circle &ing usually terminated by two 
superfluous plates. 

Whai is Ike 1068. The voltaic pile consists of alternate 
VoUaicpilef pij^|;e8 of two diflTereiit kinds of metal, b^m^ 
rated bj woollen cloth, card, or some similar substaiwe. 

Explidn 1T)69. Fig. 157 represents a voitaio i\g. 157. 

^g* 157. pile. A Yoltaio pile may be coir- 
straoted in the following manner : Take a' . .^^^-. . ^ 
number of plates of silver, and the same niim- fff^^V, 1 1 
ber of sine, and also of woollen doth, — the doth 
having been soaked in a solution of sal ammo- 
niac in water. With these a pile is to be formed, in the following 
order, namely : a piece of silver, a piece of zinc, a piece of cloth, 
and thus repeated. These are to be supported by three glass 
rods, placed perpendicularly, with pieces of wood at the top and 
bottom, and the pile will then be complete, and will afford a 
constant current of electric fluid through any conducting sub- 
stance. Thus, if one hand be applied to the lower plate, and 
the other to the upper one, a shock will be felt, which will be 
repeated as often as the contact is renewed. 

Instead of silver, copper plates, or plates of other metal* may 
be used in the above arrangement. The arrows in the figure 
show the course of the current of electricity in the arrangement 
of silver, zinc, &c. 

1070. Voltaic piles have been constructed of layers of gold 
and silver paper. The effect of such piles remains undisturbed 
for years. With the assistance of two such piles, an approxi* 
mation to perpetual motion, in a self-moving clock, has been in- 
vented by an Italian philosopher. The motion is produced by 
the attraction and repulsion of the piles exerted on a pith-ball, 
on the principle of the electrical bells. The top of one of the 
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piles was positive, and the bottom negative. Tbe other pile was 
in an opposite state; namelj, the top negative, and the bottom 
positive. . ' 

What is the 5071. The voltaic, or galvanic battery, is a 
galvanic bat- ^Combination of metallic plates, immersed in 
^^y- pairs in a fluid which exerts a chemical action 

oh one of each pair of the plates, and no action, or, at least, 
a different action, on the other. 

What is the 10X2. The electricity excited by the battery 
^^^^inth^ proceeds frtmi the solid to the fluid, which acts 
galvamc hat- upon it chemically. Xhus, in a battery composed 
tery / of zinc, diluted sulphuric acid and copper, the acid 

acts upon the zinc, and not on the copper. The galvanic fluid 
proceeds, therefore, from the zinc to the acid, from the acid to 
the copper, &c. Instead of using two diflerent metals to form 
the galvanic circuit, one metal, in diflerent states, may be em- 
ployed ; — the essential principle being, that one of the elements 
shall be more powerfully affected by some chemical agent than 
the other. Thus, if a galvanic pair be made of the same metal, 
one part must be softer than the other (as is the case with cast 
and rolled zinc) ; or a greater amount of surface must be exposed 
to corrosion on one side than on the other ; or a more powerful 
chemical agent be used on one side, so that a current will be 
Bont from the part most corroded, through the liquid, to the part 
least corroded, whenever the poles are united, and the circuit 
thereby completed. 

Exfilmn 1073. Fig. 158 represents ng. 168. 

I^g. 158. a voltaic battery. It con- 
sists of a trough made of baked wood, 
wedgewood-ware, or some other non- 
oondacting substance. It is divided 
into grooves, or partitions, for the re- 
ception of the acid, or a saline solution, 
and the plates of zinc or copper (or 
tfther metal) are immersed by pairs iu the grooves. Thesf 

25 
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pain of plfttes are united by a slip of metal paanng from the 
one and soldered to Um other ; each pair being placed so as to 
encloee a partition between them, and each cell or groove in the 
trough oontaining a plate of sine, connected with the copper 
plate of the succeeding cell, and a copper plate joined with the 
aoc plate of the preceding cell. These pairs must commence 
with copper and terminate with zinc, or commence with nncand 
terminate with copper. The communication between the first 
and last plates is made by wires, which thus complete the gal- 
vanic circuit. The substance to be submitted to galvanic action 
is placed between the points of the two wires. 

How can a 1074. A compound battery- of great power ii 

compound bat- obtained by unitinir a number of these trousb. 
pwoerKi^ In a similar manner, a battery may be produced 
tainedf by uniting several piles, making a metallic com- 

munication between the last plate of the one and the first plate 
of the next, and so on, taking care that the order of saooession 
of the plates in the circuit be preserved inviolate. >. 

Describe the ^^7^- ^® Couronne jig^ ij^. 

C(mr<mne de$ des tosses^ represented in ^R^>». 

'^'***'- Fig. 159, is another form ^« Vn=^ n^ V>? ^ 

of the galvanic battery. It consists of 
a number of cups, bowls, or glasses, 
with the zinc and copper plates im- 
mersed in them, in the order represent- 
ed in the figure ; Z indicating the zinc, 
and C the copper plates ; the arrows denoting the course of the 
electric fluid. 

1076. The electric shock from the voltaic battery maybe 
received by any number of persons, by joining hands, having 
previously wetted them. 

Describe Smee'* 8 1077. Smeb's Galvanic Battsrt is represented 
Battery. in Fig. 160, and affords an instance of a battcrj 

in its simplest form. It consists of a glass vessel (as a tumbler) 
on which rests the frame that supports the itpparatus withio 
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Two acrew-cups rise from the frame, to which is- loo- 

wires may be attached for the conveyaoce of 
(be electric current in an; direotjoo. One of 
the ecrew-oups comiouDioates with a thin etrip 
of piatinuHt, or platinum-fbil, which is eoA- 
pended within the glass vessel between two 
plates of zinc, thus presenting each sur&ce of 
the ptatinum to a surface of zino ; and the gal- 
Taaio action is in proportion to the extent of the opposite sor- 
laces of the two metals, and their nearness to each other. The 
other screw-cop is connected with the two line plates. The 
sorew-cap conneeted with the platinum ia insulated from the 
metallic frame which supports it, by rosewood, and a thumb* 
screw confines the zinc plates, so that they can be renewed whcu 
BecesBary, The liquid employed for this battery is sulphuric 
acid, or oil of vitriol, diluted with ten parts of water by measure. 
To prevent the action of the acid upon the rino plates, their sur- 
fitcea are commonly amalgamated, or combined with mercury 
which prevents any chemical action of the acid with the zino 
until the galvanic circuit is established, when the zinc is imme- 
diately attacked by the acid. 

ExpMti 107S. Fig. 161 represents a seriefl of three pairs 

, F%g. 161. of this battery, in wWch it will ba observed that the 



pladnnm of one is connected with the zino of the next, and that 
Uie terminal wires proceed, oonseqnently, one from a plaUnum 
phtte, and the other from a zino pkte, as in a single pair. 
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Desrrihe llie ^^^^- S^^'PHATB OF CoPPKR BaTTEHT, — Fig- 

lulphaie of 162 lepreseote » BolpHte of copper batteiy, and 
myv^ bai- pjg_ jgg ^ vertical BooUon of the same battery. 
j.\i,Je$ 162 I* oonsista of a double oylinder of copper, C C, 
onT/ loa Fig. 168, with a bottom of the same motal, which 

serves the double purpose of a gal- ng. lea. 

panic plate and & vesael to contain 
the ezoitiog solution. The soln- 
tion IB contained id the space be- 
tween thetwocopperoyUnder§. A 
movuble cylinder of lino, Z, is let 
down into the solution whenever 
the battery is to be used. It rests 
on three arms of ffood or ivory at 
the top, by means of which it is in- 
sulated. Thus siispeaded in &e 
solution, the surfaces of nno and 
' copper, respectively, face each Fig. is*. 

other. A acrew-cup, N, is at* 
.tachcd to the zinc, and anoth- 
er, P, to the copper cylinder, 
to receive the wires. When 
% comDiani cation ie made be- 
tween the two cups, electricity- 
is excited. The liquid em- 
ployed ID this battery is a 
eolutioQ of sulphate of copper 

(common blue vitriol) in water. A Batnrated solution >■ 
first made, and to this solution as muoh more water is added. 

1079. A pint of water will dissolve about a i^uarter of a pound ol 
blue vitriol. The solution described above will therefbre coDtain 
about two ounces of the salt to the pint. The addition of alcohol 
in small quantities increaseB the permanency of the action of tha 
solution . The zinc cjtinder should alwajs betuben out of the solu- 
tion when tlia batlerv is not In use ; but the solution may remain 
in the battery. The Sattery will keep in good action fee twen^ ur 
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1080. The salphate of copper battery, * although not so ener- 
getic as Smee's, is found very convenient in a large class of 
experiments, and is particularly recommended to those who are 
inexpert in the use of acids ; because the sulphate of copper, being 
entirely neutral, will not injure the color nor the texture of 
organic substances. 

Describe the 1^^1« There is another form of the sulphate of 
protected sul- copper battery, called the Protected Sulphate of 
phate of cap- Copper BcUtery, which diffi^s from the one described 
^' in having a porous cell of earthenware, or leather, 
interposed between the zinc and the copper, thus forming two 
cells, in the outer of which sulphate of copper may be used, and 
in the inner one a solution of sulphate of soda (Glauber salt), 
or chloride of sodium (common salt), or even dilute sulphuric 
acid. This battery will continue in use for several days, and it 
is therefore of great use in the electrotype process. 

1082. Grove's Battery. — This is the most 
Describe Gravels j.- u xa ^ i j • xi. 

batterv energetic battery yet known, and is the one 

most generally used for the magnetic telegraph. 
The metals employed are platinum and zinc, and the solutions 
are strong nitric acid in contact with the pla- 
tinum, and sulphuric acid diluted with ten or 
twelve parts of water in contact with the zino. 
This battery must be used with great care, on 
account of the strength of the acids used for 
the solutions, which send out injurious fumes, 
and which are destructive to organic sub- 
stances. Fig. 164 represents Grove's bat- 
tery. The containing vessel is glass ; within 
this is a thick cylinder of amalgamated zinc, standing on short 
legs, and divided by a longitudinal opening on one side, in order 
to allow the acid to circulate, freely. Inside of this is a porous 
cell of unglazed porcelain, containing the nitric acid, and .strip 
of platinum. The platinum is supported by a strip of brass 
fixed by a thumb-screw and an insulating piece of ivory to the 

25* 
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arm proceeding from the sino cylinder. The amalgamated nno 
is not acted upon by the dilated sulphuric add until the circuit 
of the battery is completed. But, as the nitric acid will filter 
through the porous cell, and act upon the zinc, it is advisable to 
remove the zinc from the acid when the battery is to raoain 
inactive. The action of Grove's battery may be considered aa 
three times greater than that of the sulphate of copper battery. 

What are the 1^83. The spark from a powerftd voltaic bat 
effects of a p&w- tery acts upon and inflames gunpowder, ckar- 
erfulvoUaicbtU' ^^q^\^ cotton, and other inflammable bodies, fuses 

all metals,' bums up or disperses diamonds and 
other substances on which heat in other forms produces little or 
no effect. 

1084. The most striking efiects of Galvanism on the human 
frame, after death, were exhibited at Glasgow, a few years a^. 
The subject on which the experiments were made was the body of 
the murderer Clydesdale, who was hanged at that city. He bad 
been suspended an hour, and the first experiment was made in 
about ten minutes after^ he was cut down. The galvanic batt^ 
employed consisted of 270 pairs of four-inch plates. On the appU- 
cation of the battery to different parts of the body, every muscle 
was thrown into violent agitation ; the leg was thrown out with 
great violence, breathing commenced, the face exhibited extraordi- 
nary grimaces, and the finger seemed to point out the spectators. 
Many persons were obliged to leave the room from terror or sick- 
ness ; one gentleman fainted, and some thought that the body had 
really come to life. 

How are the 1085. The wires, by which the circuit of the 

hands protected battery is completed, are generally covered 

t^er^^ "" ^^^^ g^^^ *^^®^' '^^ ^'^^^ ^* ^^y ™*y ^ 

held or directed to any substance. 

InwhatVespects 1086. There are three principal circum- 

does the electric- stances in which the electricity produced by 

Uy produced by ^^^ galvanic or voltaic battery differs from 

tlie galvanic bat' ° . , -^ , 

tery differ from ^^^it obtained by the ordinary electrical ma- 

that obtained by chi^e ; namely, 

the machine 1 ^^ ^ r^^ ^^^^ j^^ ^^^^^ ^^ iTttensity of that 

produced by the galvanic battery, compared with that obtained 
by the machine. 
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1087. By intensity is here meant something analogous to 
what is implied bj density as applied to- matter ; but in the one 
case it is a ponderable agent, in the other an imponderable, so 
that a strict analogy cannot be made out between them. The 
term density cannot be applied to any of the imponderable 
agents, light, soond, heat or electricity. We speak of the tn- 
tensity of light, an irUtTtsity of heat, &o. Hence, -the word 
iatensity is properly applied to electricity, and we speak of its 
tension^ instead of its density. 

yVhichwiU de- The quantity of electricity obtained by gal- 
velop the great' . ^ < ♦ \ ^ ^ 

er quantity of vanic action is much greater than can be 

electricity^ the obtained by the machine ; but it flows, as it 

««^*f'^ were, in narrow streams. 
or the machine 1 ' 

The action of the electrical machine may be compared to a mighty 
torrent, dashing and exhausting itself in one leap from a precipitous 
height. The galvanic action may be compared to a steady stream, 
supplied by an inexhaustible fountain. In other words, the mo- 
mentum of the electricity excited by galvanism is less than that 
from the electrical machine ; but the quantity, as has been stated, 
28 greater. 

(2.) The very large quantity of electricity which is set in mo* 
tion by the voltaic battery ; and, 

(3.) The continuity of the current of voltaic electricity, and 
its perpetual reproduction, even while this current is tending to 
restore the equilibrium. 

1088. Whenever an electrical battery is charged, how great 
Boever may be the quantity that it contains, the whole of the 
power is at once expended, as soon as the circuit is completed. 
Ita action may be sufficiently energetic while it lasts, but it is 
exerted only for an instant, and, like the destructive operation 
of lightning, can effect during its momentary passage only sud- 
den and violent changes, which it is beyond human power to 
regulate or control. On the contrary, the voltaic battery con- 
tinues, for an indefinite tune, to develop and supply vast quan- 
tities of electricity, which, far from being lost by returning to 
their source, circulate in a perpetual stream, and witli undimin- 
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laked force. The effeoU of this ocmtinued current on the hodios 
0abje«3ted to its action will therefore be more definite, and will 
be constantly accumulating ; and their amount, in process of 
time, will be incomparably greater than eyen those of the ordi- 
nary electrical explosion. It is therefore found that changes is 
the composition of bodies are e£fected by galvanism which cao 
be accomplished by no other means. The science of galyanisii^ 
therefore, has extended the field and multiplied the means ot 
investigation in the kindred sciences, especially that of Chem 

istiy. 

1089. A common electrical battery may be 

Howarealirat^ ^harffed from a voltaic battery of sufficient 

lion tnw Ttpuir ° 

wion manifested size ; but a battery constructed of a small num- 

tn <A« galvanic \^x of pairs, even though the plates are large, 
^^' furnishes no indication of attraction or repul- 

non equal to that which is given by the feeblest d^ree of 
excitation to a piece of sealing-wax. ' A galvanic battery con- 
msting of fifty pairs of plates will affect a delicate gold-leaf 
electrometer; and, with a series of one thousand pairs, even 
pith balls are made to diverge. 

1090. The effect of the voltaic pile on the 
the effect of the ftnitnal body depends chiefly on the number of 
voUaic battery plates that are employed ; but the intensity of 
^ the spark and its chemical agencies increase 
more with th*^ size of the plates than with their number. 

.^ . ^ 1091. Galvanism explains many fiicts in 

Mention some of -.. ' "^ 

the familiar^- common life. 

fects ofgalvanr Porter, ale, or strong beer, is said to have a 
**'"* peculiar taste when drunk from a pewter ves- 

sel. The peculiarity of taste is caused by the galvanic circle 
formed by the pewter, the beer, &c., and the moisture of the 
under lip. 

Works of metals the parts of which are soldered together 
soon tarnish in the places where the metals are joined. 

Ancient coins composed of a mixture of metal have cruin* 
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bled to pieces, while those oomposed of pore metal hare been 
uninjored. 

The nails and the copp^ in sheathing of shipf are soon 
corroded about the place of contact. These are all the effects 
of galvanism* 

There are persons who profess to be able to find oat seams in 
brass and copper vessels by the tongue which the eje cannot 
discover ; and, by the same means, to distinguish the base mix- 
tures which abound in gold and silver trinkets. 

1092. From what has now been stated, it will be seen that 
the effects of galvanic action depend on two circumstances; 
namely, 1st, the size of the plates employed in the circuit; 
and, 2dly, the number of the pairs constituting a battery. But 
there is a remarkable circumstance to be noticed in this con- 
nexion ; namely, that there is one class of &cts dependent on 

the extension of the size of the plates, and 
0» what does another on the increase of their number. The 

tt^ "(ro. P"^ *" '^"^^ ^^ ^ magnetism is dc 
ouce heat and to pendent on the size of the plates^ that is, on the 

^^'^^^*^^ extent of the surface acted upon by the chem- 
ively depend f ^^^ agent; while the power to decompose 

chemical compounds, and to affect the animal 
system, is affected in a greater ratio by the increase of the 
nmnber of the pairs. 

, 1093. The name Calorimotor (that is, the 

rimotort rnmer of heat) was applied by Dr. Hare, of 

Philadelphia, to a very powerful apparatus which 
*ie constructed, with large plates, and which he found possessed 
of a very remarkable power in producing heat. Batteries -con- 
structed for this purpose usually consist of from one to eight 
pauB of plates. They are made in various forms ; sometimes 
we sheets of copper and zinc are coiled in concentric spirals, 
sometimes placed side by side ; and they may be divided into a 
P«at number of small plates, provided that aU the zi'm platen 
^e connected togetlter^ and all the copper plates together, a?id 
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then that the ezperimefUs are performed in a channd of com^ 
municcUion, opened between the skts of plates, and not betioeen 
PAIRS, as in the common battery i^ for it is immaterial whether 
one large surface be used, or many small ones electrically con- 
neeted together. The effect of all these arrangements, by wbicb 
the metallic surface of a single pair is ausmented, is to increase 
the quantity produced. 

1094. The galvanic or voltaic battery is one of the most valaable 
acquisitions of modern science. It has proved in many instances 
the key by which science has entered into the innermost recesses of 
nature, and discovered the secret of many of her operations. It 
has,. in great measure, lifted the hitherto impenetrable veil that has 
concealed the mysterious workings in the material world, and has 
opened a field mr investigation and discovery as inviting as it is 
boundless. It has strengthened the sight and enlarged the view of 
the philosopher and the man of science, and given a degree of cer- 
tainty to scientific inquiry hitherto known to be unreached, and sup- 
posea to be unattainable ; and, if it has not yet satisfied the hopes 
of the alchemist, nor emulated the gold-converting touch of Midas, 
it has shown, almost to demonstration, that science may yet achieve 
wonders beyond the stories of mythology, and realize tne familial 
adage that ** truth is stranger than fiction.^' 

. 1095. Magnetism. — Magnetism treats 

netism ' of the properties and effects of the magnet, 

or loadstone. 

1096. The term loadstone, or, more properly, leadstone, was ap- 
plied to an ore of iron in the Ipwest state of oxidation, from its 
attractive properties towards iron, and its power of communicating 
its power to-other masses of iron. It received the name of Magnet 
from Magnesia, in Asia Minor (now called Guzelhizar), about fif- 
teen miles from Ephesus, where its properties were first well known. 
The term magnet is now applied to those substances which, natu- 
rally or artificially, are endowed either permanently or temp<»rarilj 
with the same attractive power. 

1097. Certain ores of iron are found to be naturally pofr 
sessed of magnetic properties, and are therefore called natural 
or native magnets, or loadstones. Besides iron and some of the 
compounds, nickel, and, perhaps, co^^, also possess magnetic 
properties. But all conductors of electricity are capable of 
exerting the magnetic properties of attraction and repubdoB 
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wliile conveymg a current of eleotridtj, as will be shown nnder 
€tke head of Eleetro-Magnetism. 

1098. That part of science which relates to the development ai 
magnetism by means of a current of electricity will be noticed un- 
der the head of Electro-Magnetism, in which connexion will also 
be mentioned, the development of electricity by magnetism, to whieh 
the term Magneto-£lectncity has been appHed. 

W^hat are the 1099« There are two kinds of magnets, 
1^0 kinds of namely, the native or natural magnet, and 
magne s . ^^ artificial. ^ 

1100. The native magnet, or loadstone, is an ore of iron, 
found in iron mines, and has the property of attracting 
iron, and other substances which contain it. 

What is a per- 1101. A permanent artificial «iagnet is a 
maneru magnet f ^\qqq q{ ^,qj^ ^ which permanent magnetic 

properties have been communicated. 

fermanent ' periment, the artificial is to be preferred to 
or the artificial the native magnet. 

magnet ? ® 

1103. If a straight bar of soft iron be held in a vertical posi- 
tion (or, still better, in a position slightly inclined to the perpen* 
dieolar, the lower end deviating to the north), and struck several 
smart blows with a hammer, it will be found to have acquired, 
by this process, all the properties 'of a magnet ; or, in other 
words, it will become an artificial magnet. 

What are the 1104. The properties of a magnet are,— 
froperties of a polarity; attraction of unmagnetio irouj; at- 
^"^P^ ' traction and repulsion of magnetic iron ; the 

power oT communicating magnetism to <other iron. Besides 
these properties, the magnet has recently been discovered to be 
possessed of electrical properties. These will be considered in 
another connexion. 

What is the fto- 1105. By the polarity of a magnet is meant 
Unity, of amag' the property of pointing or turning to the 

nortli and south poles. Tlie end which points 
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to tiie Borlli 18 called the nortli pole of tiie Baagneti end tSi» 
other the south pole. 

1106. The attraotiTe power of a magnet is geperallj stated 
to be greatest at the poles ; bat the actual poles, or points of 
greatest magnetic intensity, in a steel inagnet, are not exactly 
at the endsy but a little within them. 

How wiila mag^ ^^^^' When a magnet is empported in 
net move when such a manner as to move freely, it will 
free^sHspended. gpontaneously assume a position directed 
nearly north and south. 

1108. Th^ points to which the poles of a 
magnetic poksf niagnet turn are the mag-nc/ic joofe^. These 

do not exactly coincide with the astronomical 
poles of the earth ; but, although the value of the magnetic 
needle has been predicated on the supposition that its polar 
ity is a tendency to point exactly to the north and south 
poles of the earth, the recent discovery of the magnetic 
poles, as the points of attraction, has not depreciated the 
.value of the compass, because the variation is known, and 
proper allowances can be made for such yariatiim. 

1109. There are several ways of supporting 

Bew are mag- magnet, so as to enable it to manifest iU 
neU supported^ ,.•,,., ,. . ~ 

polarity. ^Ftrst^ by suspendmg it, accurately 

balanced, from a string. Secondly, by poising it on a sharp 

pmnt. Thirdly, by attaching it to some buoyant substance, and 

allowing it to float freely on water. 

ff magnetic at- 1110. Different poles of magnets attract, 

faction and re- and similar poles repel each other. 
pulsion f 

There is here a close analogy between the attractive and repul- 
sive powers of the positive and the negative forms of electricity, 
and the northern ana southern polarities of the magnet. The same 
law obtains with regard to both ; namely, between iike powers then 
M repulsion, between unlike tftere is attraction. 



1111. A magnet, whether ofttiTe or artificial, attracts iron or 
Rteel which has no magnetic properties ; but it both aitrads and 
repels those substances when thej are magneiio ; that is tho 
north pole of one magnet will attract the south- pole^ of another, 
and the south pole of one will attract the north of .j^iother ; 
but the north* pole of the one repels the north pole of th^thert 
and the south pole of one repels the south pole of anothcir. 

1112. If either pole of a magnet be brought near any small 
piece of soft iron, it will attract it. Iron filings will also adhere 
in dusters to either pole. 

To what bod" 1113. A magnet may communicate its 
te$ are the mag" ^l^ ^ xi. x- j i_ j« 

netic properties Properties to Other unmagnetized bodies. 
most easily 4:0m' But these properties can be generally con- 
veyed to no other substances than iron, 
nickel or cobalt, without the aid of electricity. 

Coulomb Las discovered that '^ all solid bodies are sus- 
ceptible of magnetic itifluenceJ^ But the " influence ^^ 
is perceptible only by the nicest tests, and under peculiar 
circumstances. 

What are per- HI*. All permanent natural and artificial 
manent mag- magnets, as well as the bodies on which they 
act, are either iron in its pure state, or such 
compounds as contain it. 

What effect has • HIS. The powers of a magnet are in- 
t-t^ use of a mag' creased by action, and are impaired and 
power. ^^^^ j^^ ^y j^^g disuse. 

yf^ ^ ^ 1116. When the two poles of a magnet are 

l^se^shoe or brought together, so that the magnet resembles 
magnet J j^ shape a horse-shoe, or the capital letter U, 
It is called a horse-shoe magnet, or a U magnet ; and it may 
oe made to sustain a considerable weight, by suspending 
sabstances from a small iron bar, extending from one pole 

26 
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to the other. This bar is called the keeper. A small ad- 
dition may be made to the weight every day. 

1117. Soft iron acqoires the magnetic power very rea^y, 
and also loses it as readily ; hardened iron or steel aoqnireB 
the property with difficnlty, but retains it permanently. 

What f Haws m^. When a magnet is broken or divided. 

when a mag' each part becomes a perfect magnet, having 
net is divi£d ? bo^jj ^ j^^Y^^ gj^^ gQ^^ p^l^ 

This is a remarkable circumstance, since the coitral part oft 
magnet appears to possess but little of the magnetic power; 
but, when a magnet is divided in the ceTUre^ this very part as- 
sumes the magnetic power, and becomes possessed in the one 
part of the north, and in the other of the south polarity. 

1119. The magnetic power of iron or steel appears to reside 
wholly on the sur&ce, and is independent of its mass. 

In what do 1120. In this respect there is a strong resem- 
''J^f'^*'!*. blance, between magnetism and electricity. Eleo- 
resemble each tricity, as has already been stated, is wholly caor 
other 1 fined to the surface of bodies. In a few words, 

magnetism and electricity may be said to resemble each other 
in the following particulars : 

(1.) Each consists of two species, namely, the vitreous and 
the resinous (or, the positive and negative) electricities ; and the 
northern or southern (sometimes called the Boreal and the 
Austral) polarity. 

(2.) In both magnetism and electricity, those of the same 
namo repel, and these of different names attract each other. 

(3.) The laws of induction in both are similar. 

(4.) The influence, in both cases (as has jnst been stated)* 
resides at the surface^ and is wholly independent of their motr. 

What effect l^^l- Heat weakens, and a great degree of 
has heat on heat destroys the power of a magnet ; bat the 
a magnet . ujagnetic attraction is undiminished by the in- 
terposition of any bodies, except iron, steel, &c. 
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What other 1122. Electricity fieqnentlj chtngM the 
urusa wUiaf' poles of a magnet ; mnd the explosion of asmall 
t/yof a^g' quantity of gunpowder, on one of the poles, 
n^T prodaces the same dkct Electricity, also, 

sometimes renders iron and steel magnetic, which were not 
BO before the charge was received. 

What is the 1128. The eflfect produced by two magnets, 
^^AUnutg' ^^ together, is much more than double that 
netf of either one used alone. 

Whatismeara 1124. When a magnet is suspended freely 

hy^^thedifh- from its centre, the two poles will not lie in 

^•rffan? ^otT the same horizontal direction. This is called 

it correcudf the inclination or the dipping of the magnet. 

1125. The tendencj of a magnetic needle to dip is oorrected* 
in the mariner's and sarvejor's compasses, by making the south 
ends of the needles intended for use in northern latitudes some- 
what heavier than the north ends. Compass-needles, intended 
to be employed on long voyages, where great variations of lati- 
tude may be expected, are furnished with a small sliding-weight, 
by the adjusting of which the tendency to dip may l)e counter- 
acted. The cause of the dipping of the needle is the superior 
attraction caused by the closer proximity of the pole of the mag- 
net to the magnetic pole of the earth. In north latitudct the 
north pole of the needle dips ; in south latitude, the south pole. 

In what direct 1126. The magnet, when suspended, does not 
Uon does a invariably point exactly to the north and south 
!0^ltt/r^y^ points, but varies a little towards the east or 
upended / the west. This variation differs at different 
tiaces, at diiferent seasons, and at different times in the day. 
1127. The variation of themagnetio needle from what has been 
bupposed its true polarity was a phenomenon that for centuries 
had baffled the science of the philosopher to explain. Recent 
discoveries have given a satis&otory explanation of this apparent 
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uiomalj^.* Hie earth has, in faot« four magnetio poles, two of 
wbioh are strong and two are weak. The strongest north pole 
is in America, — the weakest, in Asia. The earth itself is consid- 
ered as a magnet, or, rather, as composed in part of m&gnetio 
substances, so that its action at the surface is irregular. The 
variation of the needle from the true geographical meridian is 
therefore subject to changes more or less irregular, t 

What gift has 1128. The science of Magnetism has rendered 
Ma^^-^ immense advantages to commerce and narigation, 
bestowed on by means of the mariner's compass. The Mari- 
rumga^onf ugj'g Compass consists of a magnetized bar of steel, 
liariner^s oalled a needle; having at its centre a cap fitted to 
Compass f it, which is supported on a sharp-pointed pivot 

* 

* The following statement has been made in the National Ludligeneer, 
on the authority of its London correspondent : 

Mr. Faraday, in a late lecture before the Royal Institution upon the 
Magnetio Forces, made the following important announcement . 

** A German astronomer has for many years been watching the spots on 
the sun, and daily recording the result. From year to year the groups of 
•pots vary. They are sometimes yery numerous, sometimes they are few. 
After a while it became evident that the variation in number followed a 
descending scale through five years, and then an ascending scale through 
five subsequent years, — so that the periodicity of the variations became a 
visible fact. 

'* While our German friend was busy with his groups of sun-spot-s, an 
EngiisluBan was busy wi^ the variations of 'the magnetio needle. He, too, 
was a patient recorder of patient observation. On comparing his tabular 
results with those of the Ghermau astronomer, he found that the variations 
of the magnetic needle eorresponded with the variations of the sun-spots, — 
that the years when the groups were at their maximum, the variations of 
the needle were at their maximum, and so on through their series. This 
relation may be coincident merely, or derivative ; if the latter, then do we 
oonneot astral and terrestrial magnetism, and new reaohes of aoienoe are 
open to us." 

t This subjeot is very ably treated in '* Davis' Manual of Magnetism" 
(edition of 1847), to which the student is referred, as probably the best 
elementary treatise on the subject that has been published. Mr. Davis is 
one of those scientific and skilful mechanics (of whom there are not a few 
among us) who have, as it were, forced their way into the temple of soienoe 
amid discouragements and difficulties, but have deposited richer gifts on the 
altar than most -of those whose contributions were expected. He has 
originated many improvements in this department of science ; and his 
devotion to the subjeot has probably rendered him as familiar with all the 
peculiar phenomena relating to it as any one in or out of the country. 

Mr. Davis has been succeeded by two intelligent and skilful young men. 
Palmer and Hall, Magnetical Instrument Makers, 526 Washington street, 
Boston. They are also the agents for the sale of his works, ** The Book uf 
the Telegraph." and " Medioul Electricity .*' 
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Gxe<i in the base of the instrument. A oironlar plate, or fMird, 
the eircainfereDce of which is divided into degreea, ia att«obed 
to the needle, luid turns with it. On an inner cirole of the oud 
the thirty-two poiats of the suurioer'B eompua axe insoribed. 



1129. The needle is generally placed under the card of a 
n'^riner's compass, bo that it is out of sight ; but bidbII needles, 
iiMd on land, are placed above the card, not attached to it, and. 
the card is permanently fixed to the box. 

1130. The compass is generally fitted by two seta of axes to 
ftu outer box, so that it always retains a borlzontal position, 
even when the vessel rolls. When the artificial magnet or Tieedle 
IS kept thus freely suspended, so tbat it may turn north or south, 
the pilot, by looking at its position, can ascertain in what direo- 
tion his vessel is proceeding ; and, although tlie needle variea a 
little from a correct polarity, yet this variation is nfflther so 
great, nor BO-irregular, as seriously to impair ita use as a guide 
to the Teasel in its course over the pathleM de^ 

26* 
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USl. The ioTentioa of ike mariner's compass is vfiitaOj 
isoribed to Flavio de Melfi, or Flayio Gioia, a Neapolitan, about 
the year 1302. Some authorities, however, assert that it vas 
brought from China by Maroo Paolo, a Venetian, in 1260. The 
inycntion is also daimed both by the French and English. 

1132. The Talue of thb discovery may be esti- 
Aw the mar- i^ated &om the consideration that, before the use 
mer^s com- of the compass, mariners seldom trusted themselTes 
foss been . ^^^ ^^ gj^|. ^^ ^aji^ ; they were unable to make 

long or distant voyages, as they had no means to find their waj 
back. This discovery enabled them to find a way >where all is 
trackless ; to conduct their vessels through the mighty ocean, 
out of the sight of land ; and to prosecute those discoveries, and 
perform those gallant deeds, which have immortalized the names 
of Cook, of La Perouse, Vancouver, Sir Francis Drake, Nelson^ 
Parry, Franklin and others. 

Whkh pole of ngg. The north pole of a magnet is more 
the mort powerful in the northern hemisphere, or north 
fHweffulf of the equator, and the south pole in the south- 
em parts of the world. 

1134. When a piece of iron is brought sufficiently near to a 

magnet, it becomes itself a magnet ; and bars of iron that baTe 

stood long in a perpendicular situation are generally found to 

be magnetical. 

„ 1135. Artificial magnets are made by apply- 

How are artt- ° . - 

fidal magnets ing one or more powerful magnets to pieces of 
madet ^^ ^^^^ rpj^^ ^j^^ which is touched by the 

north pole becomes the south pole of the new magnet, aod 
that touched by the south pole becomes the north pole. The 
magnet which is employed in magnetizing a steel bar loses 
none of its power by being thus employed ; and, as the effect 
is increased when two or more magnets are used, with one 
magnet a number of bars may be magnetized, and then com- 
tiined together ; by which means their power may be 
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idefinitely increased. Such an apparatus is called a mag- 
etic mag'azine. 

1136. There are several methods of maklDg artificial magnets. 
)De of the most simple and effectual consists in passing a strong 
lorse-shoe magnet over bars of soft iron. 

In making bar (or straight) magnets, the bars must be laid 
lengthwise, on a fiat table, with ^e marked end of one bar 
Eigainstthe unmarked end of the next; and in making horse* 
shoe magnets, the pieces of steel, previously bent into their 
proper form, must be laid with their ends in contact, so as to 
form a figure like two capital U's, with their tops joined together, 
thus, CX^ ; observing that the marked ends come opposite to' 
those which are not marked ; and then, in either case, a strong 
hoTse-ahoe magnet is to be passed, with moderate pressure, over 
the bars, taking care to let the marked end of this magnet pre- 
cede and its unmarked end follow it, and to move it copstantlj 
over the steel bars, so as to enter or commence the process at a 
niark, and then to proceed to an unlnarked end, and enter the 
next bar at its marked end, and so proceed. 

After having thus passed over the bars ten or a dozen times 
on eadi side, and in the same direction as to the marks, thej. 
^11 be converted into tolerably strong and permanent magnets. 
But if, after having continued the process for some time, the 
exciting magnet be moved over the bars in a contrary direc- 
tion, or if its south pole should be permitted to precede after 
the north pole has been first used, the previously-excited mag- 
netism will disappear, and the bars will be foftnd in their original 
•late. 

^is mode of making artificial magnets is likely, to be wholly 
SQporseded by the new mode by electrical aid, which will be noticed 
ui connexion with Electro- magnetism. 

Row is a mag^ ^l^"^- ^ magnetic magazine may be made by 
^ctic maga- taking several horse-shoe magneta of equal size, 
^ineconsirudedf ^^^^ ^^^^ leaving magnetized them, uniting them 

^g^thor by means of screws. 
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1138. A magnetio noMle is made by fastomng the steel on a 
piece of board, and drawing magnets over it &om the ceufcie 
outwards. 

1139. A horse-shoe magnet should be £epi 

tl£^'' -n««i.byasmaUb«ofironorBteel.connect- 

magnet be k^fmg the two poles. The bar is called *^ the 

keeper.^* 

Interesting experiments may be made by a magnet, even of no 
great power, with steel or iron filings, smaU needles, pieces of fer- 
ruginous substances, and black sand which contains iron. Soch 
•nbstanoes may be made to assume a variety of amusing forms and 
positions bj moving the magnet tmder the card, paper or table, on 
which they are placed. Toys, representing fishes, frogs, aquatic 
birds, &o., which are made to appear to bite at a hook, burds fluatinz 
on the water, &c., are constructed aa magnetio principles, and solo 
in the shops. 

What UEUo' 1140. Electro-magnetiflm relates to magnet- 
tro-magneiism 7 jg^ ^hich is induced by the agency of electricity. 

1141. The passage of the two kinds of electricity (namely, the 
positive and the negative) through their circuit is called the eleo- 
trie currents ; and the science of Electro-magnetism explains the 
phenomena attending those currents. It has already been stated 
that from the connecting wires of the galvanic circle, or battery, 
there is a constant current of electricity passing from the zinc to 
the copper, and from the copper to the zinc phites. In the single 
circle these currents will be negative from the zinc, and positive 
from the copper ; but in the compound circles, or the battery, the 
current of positive electricity will flow from the zinc to the copper, 
and the current of negative electricity from the copper to the zinc. 
From the effect produced by electricity on the magnetic needle, it 
had been conjectured, by a number of eminent philosophers, that 
magnetism, or magi^tio attraction, is in some manner caused by 
electricity. In the year 1819, Professor (Ersted, of Copenhagen, 
made the grand discovery of the power of the electric current to 
induce magnetism ; thus proving the connexion between magnetism 
and electricity. In a short time after the discovery of Professor 
(Ersted, Mr. Faraday discovered that an electrical spark could be 
taken from a magnet ; and thus the common source of magnetism 
and electricity was fully proved. In a paper published a few years 
ago, this distinguished philosopher has very ably maintained the 
identity of common electricity, voltaic electricity, magnetic electrio- 
ity (ur electro-magnetism), thermo-electricity, and animal electric- 
ity. The phenomena exhibited in all these five kinds of electricity 
difiEir merely in degree, and the state of intensity in the action of tiie 
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fluid. The discovery of ProfeaBor (Ented has been followed out by 

Ampere, who, by his mathematical and experimental researches, has 
presented a theory of the science less obnoxious to objections than 
that proposed by the professor. The discovery of (Ersted was 
limii;ea to the action of the electric current on needles freviously 
magnetized; it was afterwards ascertained by Sir Humphrey Davy 
and M. Arago that magnetism mav be developed in steel not pre- 
viously poesessine it, if the steel be placed in the electric current. 
Both of these philosophers, independently of each other, ascertained, 
that the uniting wire, becoming a magnet, attracts iron filing and 
collects sufficient to acouire the diameter of a common Quill; but 
the moment the connexion is broken, all the filings drop off, and the 
attraction diminishes with the decaying energy of the pile. Filings 
of brass or copper, or wood-shavings, are not attracted at all. 

1142. All the effects of electricity and galvanism tbat have 

hitherto been described have been produced on bodies iivtet' 

posed between the extremities of conductors, proceeding from 

the positive and negative poles. It was not known, until the 

diecoveries of Professor (Ersted were made, that any effect 

could be produced when the electric circuit is uninterrupted. 

^lot is the It will presently be seen that this constitutes the 

difference be- great distinction between electricity and electro- 

tridty and magnetism, namely, that one describes the effect 

ekctro-mag' of electricity when interrupted in its course, and 

*"'^' that the other more especially explains the effect of 

an itnintemipted current of electricity. 

^^ are the 1143. The principal facts in connexion with the 
^^Tof cfec- science of electro-magnetism are, — 
tro-magnet' (1.) That the electrical current, passing uninter, 
*** •' ruptedly through a wire connecting the two ends 

of a galvanic battery, produces an effect upon the magnetic 
needle. 

(2.) That electricity will induce magnetism. 
(B.) That a magnet, or a magnetic maga^ne, will induce 
electricity. 

(4.) liiat the combined action of electricity and magnetism, 

^ described in this science, produces a rotatory motion of cer- 

*wn kinds of bodies, in a direction poiiited out by certain laws. 

^5,) That the periodical variation of the magnetic needle 
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from the trae meridian, or, in other words, the yariation of the 
oompa88, is eauaed bj the inflaenoe of the electrio carrents. 

(6.) That the magnetic inflaenoe is not oonfined to iron, steel, 
&c., but that most metals, and many other substances, may be 
converted into temporary magnets by electrical action. 

(7.) That the magnetic attraction of iron, steel, &c., may be 
prodi^ously increased by electrical agency. 

(8.) That the directum of the electric current niaj, in all 
oases, be ascertained. 

(9.) That magnetism is produced whenever conc^itrated elee- 
tricity is passed through space. ^ 

(10.) That while in common electrical and magnetic attrac- 
tions and repulsions those of the same name are mutoallj 
repulsive, and those of different names attract each other, in 
the attractions and repulsions of electric currents it is precisely 
the reverse, the repulsion taking place only when the wires are 
so situated that the currents are in opposite direction. 

The consideration of the subject of electricity indaced by 
magnetism properly belongs to the subject' of Magneto-elec- 
tricity, in which connexion it will be particularly noticed. 

How is the 1144. The direction of the electric conent is 

curreiUor ^ ascertained by means of the magnetic needle. If 

electricity ft sheet of paper be placed over a horse-shoe mag- 

ascertained? ^^^^ ^^(1 fine black sand, or steel filings, be dropped 

loosely on the paper, the particles will be disposed to arrange 
tiiemselves in a regular order, and in the direction of curve lines. 
This is, undoubtedly, the effect of some influence, whether that 
of electricity, or of magnetism alone, is not material at present 
to decide. 

Haw will a 1145. A magnet freely suspended tends 

ffeclu^susDeTtd" ** ^ 

id magnet place ^ assume a position at right angles to the 
itself in relation direction of a current of electricity passing 

la the electrical .. 

current f ^^^ "' 

1146. If a wire, which connects the extremities of a voltaia 



SLSOTBO-HAaHKIIBM. 311 

m 

battery* be brought over and parallel with a magpietio needle at 
rest, or with its poles properly directed north and sonth, that 
end of the needle next to the negative pole of the battery wiU 
move towards the west, whether the wire be on one side of the 
needle or the other, provided only that it be parallel with it. 

1147. Again, if the connecting wire be lowered on either side 
of the needle, so as to be in the horizontal plane in which the 
needle should move, it will not move in that plane, but will have 
a tendency to revolve in a vertical direction; in which, however, 
it will be prevented from moving, in consequence of the attrao- 
tion of the earth, and the manner in which it is suspended. 
When the wire is to the east of the needle, the pole nearest to 
the negative extremity of the battery will be elevated ; and 
when it is on the west side, that pole will be depressed. 

1148. If the connecting wire be placed below the plane in 
which the needle moves, and parallel with it, the pole of the 
needle next to the ne^tive end of the wire will move towards 
the east, and the attractions and repulsions will be the reverse 
of those observed in the former case. 

Bow does the 1149. The action of the conducting-wire in 

^^ro-magnetic these cases exhibits a remarkable peculiarity. 
eurrent act f ^\\ Q^her known forces exerted between two 
points act in the direction of a straight line connecting these 
points, and snch is the case with electric and magnetic actions, 
separately considered ; but the electric current exerts its mag- 
netic influence laterally, at right angles to its own course. Nor 
does the magnetic pole move either directly towards or directly 
from the eonducting^wire, but tends to revolve around it without 
chan^ng its distance. Hence the force, must be considered as 
^ting in the direction of a tangent to the circle in which the 
n^gnetic pole would move. 

jVto ^ect has 1150. The two sides of an unmagnetiaed 

a voUak bat' . i. t 

^yonuimag" 8*®^^ needle will become endued with the ^ 
*«<««' »udt north and south polarity, if the needle be 
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placed parallel with the connecting wire of a voltaic battej, 
and nearly or quite in contact with it. But, if the needUe 
be placed at right angles with the connecting wire^ it will 
become permanently magnetic ; one of its extremities point- 
ing to the north pole and the other to the south, when it is 
freely suspended and suffered to vibrate undisturbed. 
To what may 1161. Magnetism may be communicated 

rn^mi^laued ^ ^^^ *^^ B^®1 ^J ™eana of electricity 
by the voltaic £x>m an electrical machine ; but the effect 
what u the pro- ^ ^ ^^^^ Conveniently produced by meana 
cesscaUedf of the voltaio battery. This phenomexK>ii is 
called electro-magnetic induction. 

What is a 1152. A Helix is a spiral line, or a line wound 
Helix f into the shape of a cork-screw^ 
What use is 1153. If a helix be formed of wire, and a 

t» connexion ^^^ of Steel be enclosed within the helix, on 
with the battery r applying the conducting-wires of the battery 
to the extremities of the helix, the steel bar will immediately 
become magnetic. The electricity from a common electrical 
machine, when passed through the helix, will produce the 
same effect. 

And what must ll^^. The wire which &rms the helix should 

first be done be coated with some non-conductiiig substaoee, 

with the wire of g^jj^ ^s silk wound around it ; as it may then 
the helix f 

be formed into close coils, without sufferiDg the 



electric fluids to pass from surface to Surface, which would i 
pair its effect. 

1155. If such a helix be so placed that it may move fireely, 
^ when made to float on a basin of water, it will be attraoted 
and repelled by the opposite poles of a common magnet. 

1156. If a magnetic needle be surrounded by coiled wire, 
oovered with silk, a very minute portion of electricity ihioii|^ 
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the wire will cause the needle to deviate from its proper 
direction. 

WhatisofiElec- ^^7. A needle thus prepared is called an 
tro-magnetic Electro-magnetic Multiplier. It is, in fact, a 
MultipHer? y^^y delicate electroscope, or rather galvanovP' 

eter, capable of pointing out the direction of the electric cur- 
rent in all cases. 

1158. Among the most remarkable of the 
by the Electro- ^^^^ connected with the science of electro- 
magnetic Rota- magnetism is what is called the Electro- 
magnetic Rotation. Any wire through 
which a current of electricity is passing ' has a tendency to 
revolve around a magnetic poje in a plane perpendicular to 
the current, and that without reference to the axis of the 
loagnet the pole of which is used. In like manner a mag- 
netic pole has a tendency to revolve around such a wire. 

3159. Suppose the wire perpendicular, its upper end posi- 
tive, or attached to the positive pole of the voltaic battery, and 
itB lower end negative ; and let the centre of a watch-dial rep- 
resent the magnetic pole : if it be a north pole, the wire will 
folate round it in the direction that the hands move ; if it be a 
BOttth pole, the motion will be in the opposite direction. From 
these two, the motions which would take place if the wire were 
inverted, or the pole changed, or made to move, may be readily 
Ascertained, since the relation now pointed out remains constant. 

„ 1160. Fig. 166 represents the ingenious ap- 

166. paratus, invented by Mr. Faraday, to illustrate 

the electro-magnetic rotation. The central pil- 
lar supports a piece of thick copper wire, which, on the one 
Bi^e, dips into the mercury contained in a small glass cup a, 
^0 a pin at the bottom of this cup a small cylindrical magnet 
u attached by a thread, so that one pole shall rise a little above 
™6 surface of the mercury, and be at liberty to move around 
^® wire. The bottom of the cup is perforated, and has a cop- 

• 27 
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per pin passing iJiroogh it, which, touching the mercvrj on tfao 
inside, is also in contact with the wire that proceeds outwards, 
on that side of the in- 
strument. On the other 
ude of the instrument 6, 
the thick copper wire, 
soon af^er turning down, 
terminates, hut a thinner 
piece of wire forms a 
communication between 
it and the mereury on 
the cup beneath, ^v As 
fi«edom of motion is re- 
garded in the wire, it is made to communicate with the former 
by a ball and socket-joint, the ball being held in the socket bj 
a thread ; or else the ends are bent into hooks, and the one is 
then hooked to the other. As good metallic contact is required, 
the parts should be amalgamated, and a small drop of mercury 
placed between them ; the lower ends of the wire should also be 
amalgamated. Beneath the hanging wire a small circular mag- 
net is fixed in the socket of the cup &, so that one of its poles 
is a little above the mercury. As in the former cup, a metallic 
oonnexion is made through the bottom, from the mercury to the 
external wire. 

If now the poles of a batteVy be connected with the honzon- 
tal external wires c c, the current of electricity will be through 
the mercury and the horizontal wire, on the pillar which con- 
nects them, and it will now be found that the movable part of 
the wire will rotate around the magnetic pole in the cup b, ind 
the magnetic pole round the fixed wire in the other cup a, in the 
direction before mentioned. 

By using a very delicate apparatus, the magnetic polo of the 
earth may be made to put the wire in motion. 

1161. Fig. 167 represents another ingcnioos 



Explain Fig* 

let. 



contrivance, invented by M. Ampere, for illi» 
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tratiDg the electro-iliagnetic rotation ; and it has the advantage 
of comprising witltin iiself the voltaic combination which Is 
employed. It;; con&ists of a cylinder of copper _. 

about two inches high, and a little less than two 
iaches internal diameter, within which is a small 
cylinder, about one inch in diameter. The two 
cylinders are connected together by a bottom, 
having an aperture in its centre the size of the 
smaller cylinder, leaving a circular cell, which 
may be filled with acid. A piece of strong cop- 
per wire is fastened across the top of thp inner 
cylinder, and from the middle of it rise^, at a 
right angle, a piece of copper wire, supporting a 
very small metal cup, containing a few globules of mercury. A 
cylinder of zinc, open at each end, and about an inch and a 
quarter in diameter, completes the voltaic combination. To the 
latter cylinder a wire, bent like an inverted U, 4s soldered at 
opposite sides ; and in the bend of this wire a metallic point is 
fixed, which, when inserted in the little cup of mercury, sus- 
pends the zinc cylinder in the cell, and allows it a free circular 
motion. An additional point is directed downwards from the 
central part of the stronger wire, which point is adapted to a 
small hole at the top of a powerful bar magnet. When the 
apparatus with one point only is charged with diluted acid, and 
Bet on the magnet .placed vertically, the zinc cylinder revolves 
in a direction determined by the magnetic pole which is upper- 
most. With two points, the copper revolves in one direction 
and the zinc in a contrary direction. 

1162. If, instead of a bar magnet, a horse-shoe magnet be 
employed, with an apparatus on each pole similar to that which 
has now been described, the cylinders in each will revolve in 
opposite directions. The small cups of mercury mentioned in 
the preceding* description are sometimes omitted, and the points 
are inserted in an indentation on the inverted U.^ 

• The phenomenon ef eleotro-nukgneiio rotoAlon if beautiftUly Ulu tratcd 
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1168. The inngnetiziug power of the 080- 
luuJag pviwT ducting wires of a battery 13 very greatly 
of the battery in- increased by Coiling it into a helii, into 
which the body to be magnetized may be in- 
ferted. A single circular turn is more efficient thim 1 
straight wire, and each turn adds to the power witliio a 
certain limit, whether the whole forms a single layer, or 
whether each successive turn encloses the previous one. 
Bom is a htHx 1164. When a helix of great power is 
of great pomer required, it is composed of several layers of 

oblmnedt ^j^^ q,^^ ^j^.^ foj-jQing jjjg goQ niOBt be 

insulated by being wound with cotton, to prevent any lat- 
eral passage of the current. 

1165. Fig. 168 represents a helix on a BtanJ. 

£^&n>i Fig. ^ j,j^^ ^f ^f^ ^^^ [, a_ l,^^ pl^^ ,i^ 

- the helix,, is connected with the battorj bj 
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means of the screw-cups on the hase of the stand. The two 
extremities of the bar instantly become strongly magnetic, and 
keys, or pieces of iron, iron filings, nails, &c., ?nll be held up 
so long as the connexion with the battery is sustained. But, so 
soon as the connexion is broken, the bar loses its magnetic 
power, and the suspended articles will fall. The bar can be 
made alternately to take up and drop such magnetizable articles 
as are brought near it, as the connexion with the battery iB 
made or broken. 

1166. A steel bar placed within the helix acquires the polar- 
ity less readily, but retains it after the connexion is broken. 
Small rods or bars of steel, needles, &c., may be made perma> 
nent magnets in this way. 

. 1167. A bar temporarily magnetized by 

tro^gnitf *^^ electric xjurrei^t is called an Electro- 
magnet. 

1168. To ascertain the poles of an eleo- 
opcmdec^o^ tro-magnct, it must be observed that the 
magnet he dU- north pole will be at the fttrthest e?id of 

"" ^^* the helix when the current circulates in 

the direction of the hands of a watch, 

1169 Magnets of prodigious power have been formed by 
means of voltaic electricity. 

'What was the 1170. An electro-magnet was constructed by 
fwwer of the Professor Henry and Dr. Ten Eyck which was 
c^/^f^lt capable of supporting a weight of 750 pounds. 
Prof Henry They have subsequehtly constructed another, 
flJMi Br, Ten which will sustain 2063 pounds. It consists of 
'^ ' a bar of soft iron, bent into the form of a 

horse-shoe, and wound with twenty-six strands of copper bell- 
wire, covered with cotton threads, each thirty-one feet long ; 
about eighteen inches of the ends are led projecting, so that 
^7 twenty-eight feet of each actually surround the iron. The 
MS^^te length of the coils is therefore 72S feet. Each strand 

27* 
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ia woand on a little len thui an intdi ; id the middle of Ike 
horse-shoe it forma three thiekDesaes of wire ; and on the eitdi, 
or near the poles, it ia wound so aa to form six thicknesses. Be- 
ing ooDnected with a battery consistiDg of plates, coDtAJnii^ » 
little leas than forty-eight square feet of surface, tbe '.-<4^( 
supported the prodigioos weight staled above, namel; "'i^ 
pounds. 

1171. Hb- r*g i«i. 

g^/oin Fig. u^calRino. 
Fig. 169 rep- 
resents a heliacal ring, or ring 
of wire bent in tbe form of a 
helix, with the ends of the 
' wire lefl free to be inserted 
in the screw-cups of a bat- 
teiy. Two semicircular pieces 
of soft unmagnetized iron, 
fiimished with rings,— the 
upper one for the hand, the 
lower one for weights, — 
are prepared to be iusorted^ 
into the helix, in tbe manner 
of the links of a chain. Aa 
won as the ends of the heliz 
are inserted into the screw- 
cups of the battery, the rings wilt be held together, with great 
forco, by magnetic attraction. 

1172. Tliat th« aitractiDn is cnuaed. or that the magnetism is in- 
duciMJ, by the ciroulallun iif electricily around the cails, iii«y l« 
proved l»y the fulliiwing interestin)! ei|<eriment. ■ Hold (he heliacal 
ring honzonlally m-ei il plute of sumll niiils, and suspend an uniiiiig- 
netiKcd hiir fifr}ieadicu/ar/y on the oalside of the ring, ovit the nails, 
and there will bo no iittruotiim. Suspend the biir perpendku/arii/ 
tlirnagh the helix, and tlie nulla will nil nltach theiusmlvea tu ii in 
the fiiriiiuf tangents tu the eirfles furiued by the cuHu uf the htlia- 

How arehoTse- 1173. CommuniaUionof Magneliam to Sltd 
*hoe magneU by the Eleelro-magnet, — Bars of the U fom 
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moti n«dUy ure most readily magnetized bj draving them 
from the bend to the extremities, acroaa the 
polbs of the U elect ro-Riagnet, in such & way that both halTea 
of the bar may paaa at the same time over the poles to which 
they are applied. Thix should be repeated several times, leool- 
lecting always to draw the bar in the aame direction. 

1174. Fig. 170 represents the U eleotro- 

£apiam rig. magnet, with the bar to be magnetized. When 

the bar is thick, both surfaces should be dravn 

across the eleotro-magnct, keeping each half applied to the 

■une pole. To remove the magnetism, it is only n 



'^'erae the process by whioh it was magnetized, that is, to draw 
the bar across the electro- magnet in a contrary direction. 

1175. Tna BLBCTRo-UAaNCTic Tblbob4ph.» 

m^^aipri'^pte — ^^"^ ^^^ description which has now beeu 

" 'Ae Electric given of the electro-magnetic power, it will 

graph con- readily be perceived that a ereat force oan b« 

mnstriuteii .' , ■' .,,... . . 

made to act simply by brmging a wire mto 

oontact with another conductor, and that the force can be in- 
stantly arrested in its operation by removing the wire from the 
■^otaet; in other words, that by connecting and disconnecting 
a helix with a battery, a prodigious power can be made aucce»> ' 

impsundeil of two Qrmk word), xiiit V'l'), ■!(• 
K>u., u (graphai, U> wriw, that ii, to ilgoifj or to 
< word idacape ii ■Dothir aompouod ot tlia word 
01 («i^), lo Ma, — an initrunmit to in oi a Jii- 
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nrelj to act and cease to act Advantage has beea taktu of 
this principle in the construction of the American electro-nu^ 
netic telegraph, which was matured bj Professor Morse, and 
first put into operation between the cities of Baltimore and 

Washington, in 1844;* It was not, however, 
ies rendered, the ^^^^^ Professor Henry, of Princeton, New Jer- 
magnetic tele- sej, had discovered the mode of constructing 
graph possible f ^^^ powerful electro-magnets which have been 
noticed, that this form of the telegraph became possible. 

1176. The principles of its construction may 
Explain thenurn^ ^^ ^^-^^^ ^^^^ ^ ^^^^ . 
ner i» ufhich the . ^ 

electric telegfaph' An electro-magnet is so arranged with its 

performs its armature that when the armature is attracted 

it communicates its motion to a lever, to which 
a blunt point is attached, which marks a narrow strip of paper, 
drawn under it by machinery resembling clock-work, whenever 
the electro-magnet is in action. When the electro-magnet ceases 
to act, the armature falls, and, communicating its motion to the 
lever, the blunt point is removed from its contact with the paper. 
By this means, if one of the wires from the battery is attached 
to the screw-cup, whenever the other wire is attached to the 
remaining cup the armature is power&lly attracted by the 
magnet, and the point on the lever presses the paper into the 
groove of a roller, thereby making an indentation on the paper. 
Corresponding in length to the time during which the contact 
with the battery is maintained, the paper being drawn slowly 
under the roller. 

1177. In the construction of the electric tele- 

What is the g^ Y^ ^^^ q^^ ^^-^^ ^^ consideration is the devel- 

agent tn the ° '^ •* 

ekctric tdc" opment of the agent. The agent is the electric 

graph ? fluid, which is brought into action by a powerful 

battery. 

* For a particular desoription of this wQnderjHil invention, the student is 
referred to Davis' treatise on Magnetism, in which the parts are all de- 
■oribed with a minuteness which leaves little more to be desired. The 
historj, also, of the successive steps bj which it was brought to its present 
degree of perfection, is to be fou^d in the same eonnetion* 
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Fig. Mil represent a baiter^ composed of 

i^Iotn JV- twelve cujl*, on flie principle of Grove's l>aUery, 

each cap containing a'tfaick crlinJer of zinc, 

with ft porous cell, two acids, and a atrip of platinum, as 

deaciibed in Fig. 164. Tti« cheinickl action of the acids on tbe 
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nne generatm s powerM cmrent of eleotrioity tonarda ths 
serew-caps at A B. ^ 

117S. Hie second step in die constmction ot 
^V^" ^g- the telegraph is represented by Pig. 172. The 
wires from the battery represented in Fig. 171 
ar^ oarried to the screw-onps in the apparatus repreaentod bj 
Fig. 172, called the Mg- 
ul-key, A to A and B 
to B, respectivelj. It 
will be observed that the 
caps of the signal-key are 
insulated, and that the 
electric fltiid can finish its 
circuit only when the fin- 
ger depresses the knob 
•nd makes it oome in con- 
tact with the metallic strip below, thoa forming a communication 
between the screw-cups. The signal-key thus regulates the oom- 
pletioD of the circuit, and the flow of the current of electricity, 
at the will of the operator. 





822 HAimaAL FHILOSOVm. 

1179. The sigiul-kej is made in aerenl 
^T^/lrin FSg. f^^^ j^ jjjg Jiffei^ent telegraphs, and in Fig. 
178 is represented id its more perfect construc- 
tion. It consists of « lever, mounted on a homontal axis, iritk 
» knob of iTorjr for the hand at the extremit; of the long ana, 
whiuh is at the left in m iia 

the cut. This lever is 
thrown up by a spring, 
so as to avoid contact 
with the battoa on the 
frame below, except when 
the lever is depressed for 
the purpose of com- 
pleting the circuit A regulating screw is seen at the extremitj 
of the short arm of the lever, which graduates precisely the 
amount of motion of which it is at any time susceptible. 
, 1180. The third and last part of the tele- 

^^ Jif . grapt is the registering apparatus, represented 
in Fig. 174. 
Here are tiro sorew-cups, for the insertion of the wires from 
a distant battery. An iron in the shape of a U magnet stands 



at the left of the screw-cups, each arm of which ii 
by a helix or coilof wire, the endsof which, passing down throngh ' 
the stand, are connected bolovr with the screw-cupii. It will 
then be seen that when the signal-key is depressed the electrin 
arcuit ia completed, and that the electricity, passing through 
thv coils of wire, renders the U-shaped iron highly magneitie, 
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Mid it aitraots the armature down. The armature is fixed to 
liie shorter arm of a lever, and when tlie shorter arm is attracted 
down, the longer arm, with a point affixed, is forced upward and 
makes an indentation upon a strip of -paper. The length of the 
indentation on the paper will depend on the length of time that 
the signal*kej is depressed. When the signal-key is permitted 
again to rise, the electijo oorrent is broken, the U-fihaped iroo 
ceases to be a magnet, and, the armature being no longer 
attracted, the weight of the longer arm will cause that arm to 
fall, and no mark is made on the paper. 

When the telegraph was first constrncted, it was thought neo- 

essarj to haye two wires in order to form the circuit. It has 

since been found that the earth itself will serve for one-half the 

^ circuit, and that one ^'ire will alone be necessary to perfonn the 

work of the telegraph. 

1180. Fig. 175 represents the manner in which 
.^f^^ ^^' the electric telegraph is put into operation. On 

the left of the figure is seen the operator, with 
the battery at his feet and his finger on the signal-key. From 
one screw-cup of the battery extends a wire which traverses 
die whole distance between two cities, elevated on posts for 
security. In the distant city the wire reaches another screw- 
cup to which it is attached, while from another screw-cup at the 
same station another wire is attached, which extends back to the 
operator first mentioned. The depression of the signal-key 
forms a connexion between the two poles of the l>attexy bj 
means of the wire, and the fluid will traverse the whole distance 
between the two stations in preference to leaping over the i^ce 
between the two screw-cups. The right of the figure represents 
the receiver of the information, reading the message which hu 
thus been imprinted by the point. 

1182. In the preceding figures the mere oat- 
Yj^ *^' lines have been given, in order that they may 

be distinctly understood. , To present the strip 
«f paper so that it may readily receive the impresrion, addi- 
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ibaal mkchitiery beconee neouHry. Iha conplMe ragi>t«ring 
mBohiDe ia shown id Fig. 176, in which S repreetuta a ]ug» 



^nri on which the paper ii wonnil, and clock-work with Totl«n, 
to give the paper a steady motion toward the point b; which the 
Buks are to be made. A bell ia sometimea added, which is 
■track by a hammer when the lever Sret b^lua to more, in 
order to draw the attention of the operator. 

118S. It will be recollected that this form of the magnetic 
telegraph ia familiarly known as Bforse's, the machine making 
nothing bnt straight markB on the slip of paper. But these 
BtAight marks may be made long or short, at the pleasure of the 
operator. If the key be pressed down and instantly be per- 
mitted to rise, it will make a short tine, not longer than a 
hyphen. By means of a conTentJonal alphdwt, in which th^let- 
tws are expressed by the repetition and combination of mrrks 
varybg in length, any message may be conTeniently spelt out, 
so as to be distiactly understood at the dbtant station. 1>*a 
are the essential features of Morse's Telegraph. 
28 ■ 
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1184. It i* neoeMarr, in long linea of telegraf^, to oombina tbt 
tttsctm of MTernl bulteriea tu iupplj the luss uf power in tramui^ 
lung drcuiti. This is done hj IuchT biitMriee nr reLijs, oa the; »f 
■umetiuiea oalled, familiorlj koown in connexiun with Mone'B Ktft- 
snipb. The uM uf tlie reluja mny be diapensed with by iDcreaMng 
the power of the butterv, or din tribu ting it in Kn)upB along the lioe. 
It ia aometimGS diTided bj Hiranging one-hnlr at each end of tha 
line. For ererjp twentr toile* an addition of one of Giore'H piui 
cupa should be made. The expense of acide for each cap for tvu 
dujs does not mnch exceed one cent. For a line of tel^rraph 
•ilending around the earth, twelve hundred Grove's cups woiikl be 
required, distributed at equal diatancea, fifty in a group. 

1185. Baim's Tklbokuh. — The f«legraph known by the 
Dame of Bain's telegraph, the upiplest now in use, differs from 
Morse's priDcipallj in its mode of registering. It peribnns it* 
work bjr the decompoaition of a salino solution. The pen or 
point is Btationar;. A oircolar tablet, moved by clock-work, 
onder the point, ree^vea the point in conc^atrio grooyes, and 
the writing is arranged in spiral lines, occupying but little 
space. 

Explain ^V- ^^^ repreeentfl Bain's telegraph. The pen- 
Fig. 177. holder is oonneoUd with the pos'tive wire of ^e 
batUiy, knd tke tablet iritk the n^tiTO. The oirouit is oooi- 
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p1et«d' by paper moistened with a solution of the yellow pruft- 
Biate of polash, acidulated with nitric or snlphnrio acid. The 
pen-wire is of iron. When the eironit is completed, the Bolntioo 
&ttAcl[B the pen, dissolves a portion of its iron, and fonus the 
color known aa Prussian blue, which bimus the p(^r. Th« 
alphabet osed by this line is the same in prinoiple as that need 
lu the telegraph of Morse. The adysntage of this telegraph 
consists in the rapidity with whiiA the disks at bolb ends are 
made to revolve, by which a massage may be oommnnicated at 
the rate of a thousand letters in a minute. 
Explain 1186. The ^.rn. 

Fig. 178, ceUl oommonly 

used in connexion with 

Bain's telegraph is rep- 
resented in Fig. 178. It 

consists of a U magnet, 

each arm Burronnded by 

a helix of wires, which, 

-when the current passes, 

csnses the armature to 

be attracted and give mo- 

fioD to machinery, by 

which a bell or a glass is 

rung. 

Exploit 1187. Fig. 

iig. 179, 179 represents the receiving magnet in its imptOTed 

form. The armature is ite iT*. 

mounted on an upright 

bar, directly before the 

poles of the U magnet, 

which is surrounded by 

many coils of insulated 

wire. In this magnet 

the points of contact are 

preserved from oxidation 

by the use of platinum. 
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1188. HooBl'i Psnnnra Tmuokaph. —Tiaa tdegi^ Mm 
from the olher principallj in its printirtg with great raptditj 
the leU«rB vhioh fonu the meMftge. 

Eiflain 1189. Fig, 180 reproBents the mechanical part of 
Ftg. 180. House's telegraph. The operator aits at a key-board, 
■imiUr to that of a j^ianoforte or organ, and, b; depresang • 



kej, the letter torreaponding with the key ia made to appear at 
a little window at tlie top of die instrument, while it is at die 
Bame time printed on a strip of paper below. The principle bj 
whi^ tfaia exceedingly ingenious operation is performed i) 
aimply this : A given number of electrical impnlseB are givm 
for each letter. These impulses give motion to a wheel, ao thai 
on the depression of a key the circuit will be broken at precisely 
the point which corresponds with the letter. The machineiy 
by which t^ia b efiecled is necessarily complicated, and it iaUa 
not within the province of this ifork to go fnrtlieT into flie 
explanation. The whole process is described in Dans* Book of 
the Telegra^ to which this volume is indebted for most of tbt 
particulars whioli have been pveu in relation to the subject. 
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* 

The following biatory of the eleoirio telegraph jji^iis ooaotiy ii eztraeted 
frMi the Pmtiand Advertiter, and deaerres a place dibis coDnexion : 

"The electric telegraph, being used solely for <|iie conveyance of newt 
and communications, is so intimately connected- with j^osts and post-offieeSf 
that a brief sketch of its rapid progress in the Uniteo^tatei is here giren. 
• '* It is to American ingenuity that we owe the prftotical application of 
the magnetic telegraph for the purpose of communication betireen distant 
points, and it has been perfected and improyed mainly by American science 
and skill. While the honor is due to Professor Morse for the practical 
application and sncoessful prosecution of the telegraph, it is mainly owing 
to the researches and discoveries of iProfessor Uenry» and other scientific 
Americans, that he was enabled to perfect so valuable >n invention. 

" The first attempt which was made to render electricity available for 
the transmission of signals, of which we have any. account, was that of 
Lesage, a Frenchman, in 1774. From that time to the present there have 
been numerous inventions and experiments to effect this object ; and, from 
1820 to 1850, there were no less th«i sixty-three claimants for different 
varieties of telegraphs. We will direct attention only to those of Morse, 
Bain and House, they being the only kinds used in this country. 

** During the summer of 1832, Professor S. P. B. Morse, an American* con- 
ceived the ^dea of an electric or electro-magnetic telegraph, and, after 
numerous experiments, announced his invention to the public in April, 1837. 
" On the lOth of Marchj 1837, Hon. Levi Woodbury, then Secretary of 
the Treasury, issued a circular requesting information in jregard to the 
propriety of establishing a system of telegraphs for the United States, to 
which Professor Morse i-eplied, giving an account of his invention, its pro- 
posed advantages and probable expense. At that time ' he presumed five 
words could be transmitted in a minute.' 

" In 1838, the American Institute reported that Morse cpnld telegri^h 
the words * steamboat Caroline burnt ' in six minutes. , Non, a thousand 
such words are telegraphed in two minutes. 

^ " la 1844, Congress built an experimental line from Baltimore to Wash- 
ington, to test its practical operation. That line was soon continued on te 
Philadelphia and New York, and reached Boston the following year. Two 
branches diverge from this line, one from Philadelphia to St. Louis, 1000 
i&Ues, the other from New York, via Buffalo, to Milwaukie, 1300 miles 
^ong. One also, 1400 miles in length, goes from Buflblo to Lockport, and 
^fom thence through Canada to Halifax, N. S., whence there is a continuous 
line through Portland to Boston. The great Southern line', from Washing- 
ton to New Orleans, is 1700 miles long. Another, 1200 miles, running to 
New Orleans from Cleveland, Ohio, via Cincinnati. The best paying line, 
« it said, ia that between Washington and New York, which, during six 
inonths of last year, transmitted 164,514 messages, valued at $68,498 ; and 
wo reeeipta for the year ending July, 1852, were $103,060. The average 
performance of the Morse instruments is from 8000 to 9000 letters per 
hour. The cost of construction, including wire, posts, labor, Ac, is about 
$150 per mile. The Bain telegraph extends in the United States 2012 
miles, and House's 2400 miles, making a total, with Morse's, of 89 lines, 
embracing 16,729 miles. At how many way stations the magnetic current 
^ nrrested and messages conveyed, we are not informed. Thus, in less 
^n nine years, from a feeble beginning, under the fostering aid of govern- 
ment, have its wires and news communications spread ail over the country. 
"The astonishing results of the telegraph, victorious even in a run 
^Sikiost time, are remarkable in the United States'. The western cities, 
having a difference of longitude in their favor, actually receive news from 
few York sooner by the clock than it is sent. When the Attaatio made 
w first return voyage from Liverpool; a brief account of the news waf 

28* 
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Ul«gr4phtd to Kow OiiMDS «i a few minutes t^er noon (New York tiiM). 
and rMohei its destination at a few minutes b^are noon (NewOrlesnf 
time), and was published in the erening papers of both oities at the bum 
hour. This is now a daily ooonrrenoe. 

** Through its instrumentality (we mean no pun) Webpier'a death iru 
simultaneously made known throughout the length and breadth of oat 
land, and the next morning the pulpits from Maine to New Orleans were 
•ohoiug in eulogies to his greatness, and mourning his departure. 

" The great extent of the telegraph business, and its importance to the 
eommunity, is shown by a statement of the amount paid for despatches b; 
the assoeiated press of New York, composed of the seven principal morniog 
papers, — the Ctmritr and Ehtfuirer, . Thbune^ Herald, Journal of Comnurct, 
Sun, Tima and Eapreu. Daring the year. ending November. 1, 1862, 
these papers paid nearly $50,000 for despatches, and about $14,00U 
for special and exelusiye messages, not included in the expenses of the 
association. 

** The difference between Morse's and Houses telegraph is, principally, 
that tht first traces at the distant end what is marked at the other ; wbile 
Uonse^s does not trace at either end, but makes a signal of a letter at the 
distant end which has been made at the other, and thus, by new machinery, 
and a new power of air and axial magnetism, is enabled to print the signal 
letter at the last end, and this at the astonishing rate of sixty or seventy 
strokes or brakes in a seuend, and at once records the information, by its 
own machinery; in printed letters. Morse's is less complicated, and more 
easily understood ; while House's is very difficult to be comprehended in its 
operations in detail, and works with the addition of two more powers, — 
one air, and the other called axial magnetum. One is a tracing or writing 
telegraph, the other a signal .and printing telegraph. 

*' The telegraphs in England are next in importance and ex^nt to thM« 
in this country. They were first established in 1845, and there are about 
4000 miles of wire now in operation. 

**The charge for transmission of despatches is much higher than in 
America, one penny per word being charged for the first fifty miles, and 
one farthing per mile for any distance beyond x>ne hundred miles. A 
message of twenty words can be sent a distance of 500 miles in the United 
States for one dollar, while in England the same would cost seven dollars.^ 

1190. The Electrical Fire Alarm. — The principle of the electric 
telegraph has recently been applied to a very ingenious piece of 
mecTiunism, by ^vhich an alarm uf fire may be almost instantly coiu- 
luunicated to every part of a large city. Wires, extending fmrn 
the towers of the principal public buildings . in .which large bells 
are suspended,. unite at a central point, i^'here the operator is in 
constant attendance. On an alarm of fire in any locality, the watch 
or police of the district goes to a small box, kept in a conspicuoos 
place, which he opens, and makes a telegraphic communication to the 
central operator, who, immediately recognizing the signal and the 
district from which it- came, gives the alarm, by making each iwU 
in connexion with the telegraph strike the number corresponding 
with the district in which the alarm commenced. By this mennt 
the alarm is communicated simultaneously to all parts of the citj. 
This ingenious application of scientific principles has been in suiP 
cessful operation m the city of Boston long enough to pro?e it8 
gieat value. . 
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J 1-91. Thz Atmosphebio Telegraph. — An ingenious appar- 
atus, called *' The Atmospheric Tdegya'phy^ has recently been 
constructed by Mr. T. S. Richardson, of Boston, designed to 
send 'packages through continuous tubes by means of atmos- 
pheric pr(BS8ura An air-tight tube being laid" between two 
places, either under or above ground, a piston, callod by Mr. R. 
a, plunger; is accurately fitted to its bore; behind which the 
. package designed to be sent is attached. The air having been 
exhausted from the tube by engines at the opposite end, the 
pressure of the atmosphere will drive the piston, or plunger, 
witl^ its load, forward to its proposed destination. 

This ingenious application of atmospheric pressure operates 
with entire success in the knodel, and has been* also successfully 
tested in tubes that have been laid to the extent of a mile. Pa- 
tents have been secured for the invention in England, France, 
and other countries of Europe, as well as in this country ; and 
a company is now forming for testing the principle between the 
cities of Boston and New York. The air is to be exhausted 
from the tubes by means of steam-engines, and there are to be 
intermediate stations between those two cities. 

1192. The Electrotype Process. — This process, known by 
the various names electrotype, electro plating and gilding, gal- 
vanotype, galvano-plastic, electro-plastic and electro-metallurgy, 
is a process by which a coating of one metal is made to adhere 
to and take the form of another metal, by electrical agency. 

1193.. It is a process purely chemical iand electrical, and the con* 
eidenition of the. subject pertains more properly to the science of 
CheniiHtry. As this volume has not professed to pursue a rigid 
classification, it inay not be amiss to give this brief notice of the 
process. 

1194. It consists in subjecting a chemical solution of one 
metal to electrical action with another metal. A solution of a 
salt or oxide,- having a metallic base, forms part of the electric 
circuit, and, by the eleistrical action, the oxygen or acid will be 
drawn to the positive end of the circuit, while the pure metal 
will be forced to the negative pole, where it will either combine 
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wttk the meUl or adhere to it, taking its ezaet form. Th« 
thieknesB of the ooatiog of the pure metal will depend on the 
length of time that the bodj to be coated is subjected to the 
oombined action, chemical and electrical. Hence a mere fiha 
or a solid crust may be attached to any conducting substance. 

When a substance not in itself a conductor is to be coated, it 
must first be made a conductor by covering its surface with 
some substance which will impart the conducting power. This . 
is usually eflfected by means of finely-powdered black lead. 

1195. When a part only of a body is to be coated by the 
electrotype process, the parts which are to remain uncoated must 
previously be protected by means of a thin covering of wax, 
tallow or some other non-conducting substance. 

1196. Magneto-electricity. — Mag- 
neto-ei^rkuS i^eto-electricity treats of the development 

of electricity by magnetism. 

Haw is Ma<r. 1197. Electric currents are excited in a 
neio-electricUy conductor of electricity by magnetic chaDges 
developed? taking place in i1» vicinity. Thus, the 

movement of a magnet near a metallic wire, or near an iron 
bar enclos0d in a wire coil, occasions currents in the wiie.* 

1198. When an armature, or any piece of soft iron, ifl 
brought into contact with one or both of the poles of a magnet, 
it becomes itself magnetic by induction, and by its reaction 
adds to the power of the magnet : on the contrary, when 
removed from the contact, it diminishes the power of the mag- 
net, and these alternate changes in its magnetic state induce a 
current of electricity. 

1199. The most powerful effects are obtained 
mZ "^oJerfuI bj <»««ing a bar of soft iron, enclosed in a 
effects of mag' helix, to revolve by mechanical meatts near the 
^/^S'""'^ poles of a steel magnet As the iron approaches 

the poles in its revolution, it becomes mag- 
netic; as It recedes from tiiem, its magnetism disaf^^ears ; and 
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this alteriMtion of nugDetic states wnMi the flow of a oureot 
of electridty, which may be dii'eoted in its ooaree to sorew- 
oups, from which it may be received by means of wires eoB- 
neoted with the eups. 

1200. Thb MaonetO'ELectrio Machimk. — 
EY>i<w» f^g. j-ig^ 181 repreaenla the magneto-electric ma- 
chine, in which an armatare, bent twice at 
■ ri^t angles, is made to revolve rapidly in front of the poles of 
a oompootid Bteel magnet of the U form. The U magnet, whose 



Dorth pole is seen at N, is fixed in a horizontal position, with its 
poles as near the ends of the annature as will allow the latter 
to rotate without coming into contact with them. The armature 
is mounted on an aiia, extending from the pillar P to a Email 
pillar between the poles of the magnet. Each of its legs is 
enclosed in a helix of fine insulated wire. The upper part of 
the pillar F slides over the lotrer part, and can be fastened in 
any position by a binding screw. In this way the band con- 
necting the two wheels may be tightened at pleasure, b; in- 
ereasii^ the distance between thera. This arrangement also 
renders tho machine more portable. By means of the multiply- 
ing-vheel W, which is connected by a band with a small wheel 
00 the axis, the armature is made to revolve rapidly, so that 
the magDetism induced in it by Hie steel magnet is titemalely 
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jdotoojed and renewed in a reverse direction to tbe preTious 
one. When the legs of the armature are approaching the mag- 
net, the one opposite the north pole acquires south polarity, and 
the other north polarity. The magnetic power is greatest while 
the armatiire is passing in front of the poles. It gradually 
diminished as the armature leaves this position, and nearly dis- 
appears when it stands at right angles with the magnet. As 
each leg of the armature approaches the other pole of the U 
magnet, by tho continuance of the motion magnetism is again 
induced in it, but in the reverse direction to the previous one. 
These changes in the magnetic state of tbe armature excite 
electric currents in the surrounding helices, powerful in proper 
tion. to the rapidity with which the magnetic changes are pro- 
duced. 

1201. Shocks may thus be obtained from tbe machine, and, if the 
motion is very rapid, in a powerful machine the torrent of shocks 
becomes insupportable — the muscles of the hands which graap the 
handles are involuntarily contracted, so that it is impossihle to 
loosen the hold. The shocks, however, are instantly suspended by 
bringing the metallic handles into contact. 

1205. Thermo-electricity. — Thermo- 

• What is Ther^ i ^^ • -^ n !• i ^ • .. 

nuhehuridiyf electricity expresses a form of electricity 

developed by the agency of heat 

1203. In the year 1822, Professor Seebeck, of Berlin, dis- 
covered that currents of electricity might be produced by the 
partial application of heat to a circuit composed exclusively of 
solid conductors. The electrical current thus excited has been 
termed Thermoelectric (from the Greek Thermos^ which signi- 
fies heat), to distinguish it from the common galvanic current; 
which, as it requires the intervention of a Jkdd element, was 
denominated a Hydroelectric current. The term Stereoelectric 
current has also been applied to the former, in order to mark 
its being produced in systems formed of solid bodies alone. It 
is evident that if, as is supposed in the theory of Ampere,' mag- 
nets owe their peculiar properties to the continual circulation 
of electric^ currents in their minute parts, these currents will 
eome under the description of the sferethelectriQ curreuti;. 
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1204. From the views of electricity which have noiw been 
g]7en, it appears that there are, strictly speaking, three states 
of electricity. That derived from the common eleotrical ma- 
chine is in the highest degree of tension, and accumtdates until 
it is able to force its way through the air, whi^h is a j>erfect 
non-conductor. In the galvanic apparatus the currents have a 
smaller degree of tension ; because, although they pass freely 
through the metallic elements, they meet with some impedimenta 
in traversing the Jluid conductor. But in the thermo-electrio 
currents the tension is reduced to nothing ; because, throughout 
the whole course of the circuit, no impediment exists to its free 
and uniform circulation. 

1205. If the junction of two dissimilar metals be heated, aa 
electrical current will flow from the one to the other. 

1206. Instead of two dififerent metals, one metal in dififerent 
eonditions can be used to excite the current. 

1207. Metals differ greatly in their power to excite a cur- 
rent when associated in thermo-electric pairs. A current may 
be excited with two wires of the same metal, by heating the 
end of one, and bringing it into contact with the other. This 
experiment is most successful when metals are used that have 
iJie lowest conducting power of heat. 

1208. Thermo-electric batteries have been constructed with 
sufficient power to give shocks and sparks, and produce various 
magnetic phenomena, indicative of great magnetic power ; but 
the limits of this volume will not allow a ^ther consideration 
of the subject. 

1209. Astronomy. — Astronomy treats 
amy? ^ ^^' ^^^^^ heavenly bodies, the sun, moon, plan- 
ets, sta^s and comets, and of the earth os a 
member of the solar system. 

1210. The study of astronomy necessarily involves an acquaint- 
ance with mathematics, but there are many mteresting Gicts, which 
have been fully established by distinguished astronomers, which 
ought to be familiar to those who have ucitber the opportuiiitv nor 
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the leinnre to pursae the subject by the aid of mathematical light. 
To such (he followiog brief notice of the subject will not be devoid 
of interest. 

1211. Some of the most distinguished men who 
Who are some have contributed to t|)e great mass of facts and 
of the most dis- laws which make up the science of Astronomy 
tinguished As* were Hipparchus^ t^tolemy, Pythagoras, Ck>pemi- 
ironomersf ous, Tycho Brahe,^ Galileo, Bjepler and Newton. 

The present century Jias added to this list nuuiy 
others whose fame will descend to posterity with great lustre.' 

1212. Hipparchus is usually considered the father of Astronomy. 
He was born at Nicaea, and died about a hundred and twenty-fire 
years before the Christian era. He divided the heavens into eon- 
stellations, twelve in the ecliptic, twenty-one in the northern, and 
sixteen in the southern hemisphere, and gave names to all the stars. 

He discovered the difference of the intervals between the antnni- 
nal and vernal equinoxes, and, likewise, by viewing a tree on a 
plain, and noticing its apparent position from different places of 
.observation, he was led to the discovery of the parallax of the heav- 
enly bodies ; that is, the difference between their real and apparent 
Swition, viewed from the centre and from the surface of the earth. 
e determined longitude and latitude, fixing the first degree of loof 
gitude at the Canaries. 

1213. Ptolemy flourished in the second century of the Ohristian 
era. He was a native of Alexandria, or Pelusium. In his system 
he placed the earth in the centre of the universe, — a doctrine uniyer- 
sally adopted and believed until the sixteenth century, when it was 
confuted and rejected by Copernicus. Ptolemy gave an aoooant of 
the fixed stars, and computed the latitude and longitude of one thou- 
sand and twenty-two of them. 

1214. Pythagoras was bom at Samos, and his death is snpposed 
to have taken place about five hundred years before the Christian 
era. He supposed the sun to be the centre of the universe, and 
that the planets revolved around him in elliptical orbits. This doe* 
trine, however, was deemed absurd until it was established by Co- 
pernicus in the sixteenth century. 

1215. Tycho Brahe, a Danish astronomer, flourished about the 
middle of the sixteenth century. His astronomical system was sin- 
gular and absurd, but the science is indebted to him for a more cor- 
rect catalogue of the fixed stars, and for discoveries respecting the 
motions of "the moon and the comets, the refraction of the rays of 
light, and for many othei important improvements. To him, also, 
was Kepler indebted for the principal facts which were the basis of 
nis astronomical labors. 

1216. Copernicus was bom in Prdssia, in the latter part of the 
fifteenth century. He revived the system of Pythagoras, which 

5 laced the sun in the centre of the system. He taught the true 
octrine that the apparent motion of the heavenly bodies is caused 
by the real motion of the earth. But, for nearly a century after 
the publication of his system, he gained but few followers. 
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1217 Galileo, a native of Pisa, flourished in the latter part of 
the sixteenth century. By his observation of the planets Venus and 
Jupiter, he gained a decisive victory for the Copernican system. He 
was persecuted and imprisoned by the inquisition for holding what 
was thought, in that age of ignorance and superstition, to be heret- 
ical opinions, and compelled on his knees to abjure the truths 
which he bad discovered, and which he had too much sense to dis- 
believe. Notice has already been taken of this distinguished phi- 
losopher in connexion with the laws of falling bodies {see page 52), 
for the discovery of which the world is indebted to him. 

1218. Kepler, who, from his great discoveries, is called the legis- 
lator of the heavens, was a native of Wirtemberg, in 1571. Availing 
himself of the observations of Tycho Brabe, he discovered three 
great laws, known as Kepler ^s laws of the planetary motions, and'on 
them were founded the discoveries of Newton, as well as the whol,e 
modern theory of the planets. 

Kepler's laws could not have been discovered but for the observa- 
tions of Tycho Brahe (as Kepler was not himself an observer^, and 
no further discoveries could have been made than Kepler made but 
for the telescope of Galileo. It has elsewhere been stated that 
Galileo was indebted to Jansen, of Holland, for the idea of the 
telescope. But, since the days of Galileo, the telescope has. been 
most wonderfully improved, and invested with almost inconceivable 
powers. Herschel computed that the power of his telescope was so 
great as to penetrate a space through which light (moving with the 
prodigious velocity of 2UO,000 miles in a second of time) would 
require 350.000 years to reach us. But the great telescope of Lord 
Bosse would probably reach an object ten times more remote. 

1219. Sir Isaac Newton, who has been culled the Creator of 
Natural Philosophy, was born in Lincolnshire, England, in 1642. 
His discovery of the universal law of gravitation, and many other 
valuable and important contributions which he made to science, 

Slace him amons the foremost of those to whom the world is in- 
ebted for an insight into the magnificent displays of the material 
world. 

^. 1220. According to the system of As- 

Gwe an aC' . 

count of the tronomy which is now universally adopted, 

solar systan as ^^ g^J^ jg ^^ centre of a system of heavenly 
now adopted. / ^ 

bodies, called planets, which revolve around 

him as a centre. 

Secondly. The earth is one of these planets. 

Thirdly. That some of these planets are attended by 
satellites or moons, which revolve around their respective 

plaiiets. aiid with them around the suu. 

29 
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Fourthly. That the size, distance and rapidity of 
motion of each of these planets is known to be different 

Fifthly. That the stars are all of them suns, with 
sjBtems of their own, and probably many, if not all of 
them, having planets, with their moons revolving around 
them as centres. 

Sixthly. That there is a central point of the miiveise, 
around which all systems revolve. 

WUtUmeant ^^^l- ^^ ™E SoLAB System.— By the 
iy the Solar Solar System is meant the sun and all the 
Sy$temfv ' heavenly bodies which revolve around it 
These are ^e planets with tiiieir satellites or moons, our 
earth with its moon, together with an unknown number 
of comets. 

What are 1222. Of the Primaby Plaketb. — ^Those 

Primary bodies which revolve around the sun, with- 

out revolving, at the same time, around 
some other central body, are called Primary Planets. 

OivethsnafMM ^223. For many years the planets were con- 
ofthe eight sidered to be six in number only, and they were 
primary all, except our earth, named after the gods of 

planete. heathen mythology, — ^Mercury, Venus, Earth, 

Mars, Jupiter, and Saturn. In the year 1781, Sir William 
Herschel discovered another, to which the name of Uranus has 
l>een given; and in the year 1846 an eighth was discovered, to 
which the name of Le Verrier was at first given, from a dis- 
tinguished French astronomer, by moans of whom it was pointed 
out. It is now known by the name of Neptune. 

Row many 1224. Besides these primary planets, it was 

Z^plMueU <^^»c^vered, between the years 1800 and 1807, 
hate teen die- that between Mars and Jupiter there were four 
covered t smaller planets, of such diminutive size, compared 

with the others, that they were called Asteroids. Since the 
year. 1 845 thirty-one more have been dis^jovered, so that there 
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*re now known to be no fewer than thirty-fiirQ: asteroids, or minor 
planeth, between the orbits of Mars aiid Jupiter.'. 

1 225. The Minor Planets. — ^The following is* a catalogue 
of the minor planets at present known, arranged in the order 
of their discovery, together with the other known planets of our 
solar system : 



Name and Number by which 
the Minor Planets are known. 



Sun. 

Mkrcubt. 
Vknus. 
Trb Eactb. 
Mau. 

1. C-eres 

2. Pallas 

8. Juno 

4. Veste 

5. Astrea 

6. Hebe 

7. Iris 

a Flbra 

9, Metis 

10. llyjreia 

11. Partbenope 

12. Clio ....:.. 

1& Egeria 

14. Irene 

18k Eanomia... 
16. Psyche . . . . 
IT. Thetis 

18. Melptimene. 

19. Fortana 

20. Maasiila.... 

21. Latetla .... 

22. Calliope.... 

28. Thalia 

21 Themis 

25. Phoaea.... 
2& Proserpina. 
27. Euterpe.... 
28 BelloDA 

29. Ampbitrite. 

80. Urania 

81. Eupliro9yne 

82. Pomona.... 

83. Polhymnia. 

U* 

85.« 

JVFTrSB. 

Satitbn. 
Uftjunrs 

NiPTvira 



Date of Discovery. 



1801. .Jan. 1 

18U2.. March 28... 

1804.. Sept 1 

1807.. March 29... 

1845. .Dec. 8 

1847. . July 1 

1847.. August 18... 
1847.. Oct 18;..... 
1848.. April 26.... 
1849.. April 12.... 

1850.. May 11 

1850.. Sept 18 

1660.. Nov. 2 

1851. .May 19 

1851.. July 29 

1852.. March 17... 
1852.. April 17 .... 

1852.. June 25 

1852.. August 22... 

1852.. Sept 19 

1852.. Nov. 15. ... 

1862.. Nov. 16 

1852.. Deo. 16 

1858. .April 6 

1868. .April 6 

1868..M!ay5 

1868.. Nov. 8 

1854.. March 1.... 

1864.. March 1 

1854.. July 22 

1864..Septl 

186i..Oct28 

1864.. Oct 28 

1866.. April 14 

1866.. April 27. 
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1846.. Sept 28... j 



Karnes of Discorereiai 



Piazzl, of Sicily. 

Gibers, of Bremeo. 

Harding. 

Gibers. 

Hencke, of Germany. 

Hencke. 

Hind, of LondoB. 

Hind. 

Graham, of Ireland. 

De Qasparis, of Naplaa 

De Gasparis. 

Hind. 

De Gasparis. 

Hind. 

De Gasparis. 

De Gasparis. 

Lnther, of Germany. 

Hind. 

Hind. 

Do Ga.^paria. 

Goidschmidt, Farifl. 

Hind. 

Hind. 

De Gasparis. 

Chacornac, of SfmeilkiL 

Lather. 

Hind. 

Luther. 

Marth, of London. 

Hind. 

Ferguson, of Washington. 

Golaschmldt 

Chacomao. 

Chacornac 



Sir William HerscbeL 
Dr. Galle, of Berlin, by dlreo- 
tion of Le Terrier, of Paris. 



* To the last two SBteroids in the list no names have as yet been given. 
It is proper to be observed that the asteroids are frequently known better 
by their wmbtr$ than by their namea. Thoa O rejireseuta roLhymuia, 
itid O Oalliopt, Sco, 
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__ , ,- 1226. The name planet properly meaitt 

What uths , . , ^ , . "^ X ^i.- 

difference he- ^ wandering star^ and was given to thiB 

tweenaplanet class of the heavenly bodies because they 

ai*e constantly moving, while those bodies 
which are called jf!a^^ stars preserve their relative posi- 
tions. The planets may likewise be distinguished from 
the fixed stars by the eye by their steady light, while 
the fixed stars, on the contrary, appear to twinkle. 

1227. The sun, the moon, the planets, and the fixed stars, 
which appear to us so small, are supposed to be large worlds, 
of various sizes, and at different but immense distances from us. 
The reason that they appear to us so small is, that on account of 
their immense distances they are seen under a small angle of vision. 

What unwet' 1228. It has been stated, in the early pages 
eal law keeps of this book, that every portion of matter is at- 

^^^oX^hea- *^*^^®^ ^y ®^®^y ^^^^^ portion, and that the 
tenly bodies in force of the attraction depends upon the qtianliiy 
their places f of matter and the distance. As attraction is 
mutual^ we find that all of the heavenly bodies attract the 
earth, and the earth likewise attracts all of the heavenly bodies. 
It has been proved that a body when actuated by several forces 
will be influenced by each one^ and will qtove in a direcdon 
between them. It is so with the heavenly bodies ; each one of 
them is attracted by every other one ; and these attractions ue 
so nicely balanced by creative wisdom, that, instead of rushing 
together in one mass, they are caused to move in regular paths 
(called orbits) around a central body, which, being attracted in 
different directions by the bodies which revolve around it, will 
itself revolve around the centre of gravity of the system. Thus, 
the sun is the centre of what is called the solar system, and the 
planets revolve around it in different times, at different dis- 
tances, and with different velocities. 

1229. The paths or courses in which the 
K^^itf'^ planets move aromid the euii are caU^d 

their orbits. ^ 
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All of Hie faeavenlj bodies move izr^oonic sectioDS,* namely, the 
oircle, the ellipse, the parabola and the hyperbola. 

What is meant 1230. In obedience to the universal law of 
by a year t gravitation, the planets revolve around the 
sun as tbe centre of their system ; and the time that each 
one takes to perform an entire revolution is called its year. 
Thus, the planet Mercury revolves around the sun in 87 
of our days; hence a year on that planet is equal to 87 
days. The planet Veniis revolves around the sun in 224 
days ; that is, therefore, the length of the year of that 
planet. Our earth revolves around the sun in about 365 
days and 6 hours. Our year, therefore, is of that length. 

1231. The length of time that each planet takef^ in perform- 
ing its revolution around the sun, or, in other words, the length 
of the year on ea(*h planet, is as follows. (The f^actwnoL 
farts of the day are cimtted,) lu the same connexion will also 
be found the mean distance of each planet from ti^e sun, and 
the time of revolution around its axis^ or, in other words, the 
length of the day on each. 







Hxi S'lu in t.-il*lloiu 
ifMiIe6. 


length of t'»e 
Day in Horn 
and Minu'.<M 


MaunrRT 


8T 

224 

865 

686 
1,680 1 
1,688 
1,592 
1,825 

■ 

Between 1,400 
and 2,100 

1.886 


86.^ 
834 
95 
145 

Aboat 264 
» 


24 5 


VrauB ', 


28 21' 


E&vrR 


24 00' 


Mars 


24 89' 


1. Geres 




2. PallM 




8. Juno 




4. Vo«ta 




5. Ai4t«i 1 




6. Hebe 


V 


7. Iris • 




8. Flora 




9. Metis 




10. nygeto > 




11. Parthenope 

12. Clio 

18. K««rta 




14. Irene 




15. Etinnmia 

16. PbTcke 









* Conlo sections are curvilinear fiijurefl, so^ called becanBe ^h^y oan all 
"C formed by cutting a cone in certain directions. If a coiJt be oi?t per- 
P<'n(Jicular to it» axis, the Burfiice cut will be a circle. If cut o. \.x*h to 
tjie a.\i0, the surface cut will be an Mime. If out porallel to the a^ODe vf 
tlie cone, the section will be a parabola. If 3ut paraUel to the azib, U'e 
^eliou will ba au hyperbola, 

29» 
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Length of the Tear 
in Day*. 


Mean Distanee Arooi 

the San In miUioaB 

of Miles. 


Length ef the 
Day in Hooi 
amlMinnei. 


IT. TheUs 


1,480 1 
1,269 
1,896 
1,859 

13S7 

1,815 
1,571 
«.087 

4,888 

10,759 
80.686 
60,126 


Abootaae 

006 
1,824 
8,856 




1& Mei|K>mcne 




19. Fi>rtona 




80. MaMilia 




21. Liitetia 




82. Callinpe 




8a Thalia 




84 Tbemb 




85. PhtioBa 




86. Proserpina 




27. Eutorne 




2a Bellona 




29. Amphitrite 




80. Urania 




81. Eauhrosyne 




82. Pomona 


- 


8a Polhymnia 




Bit* ■Unnamed.... 




85. J '^ ""»*"«« 

JUPITBB. . 


O0sr 


Saturn 


10 l«^ 


TJkanus 




Nkptvkb 









Tlie son tarns <m Its axis in aboat 86 days and 10 hooni 

QintanoG- 1232. There is a very remarkable law, dis- 

count of covered by Professor Bode, founded, it is tro6^ 

Bode 8 latD, ^jj jj^ tnown mathematical principle, but which 
has been found to accord so exactly with other calculatioiu^ 
that it is recognized as Bode's law for estimating the distances 
of the planets from the sun. Thus : 

Write the arithmetical progression, 

0, 3, 6, 12, 24, 48, 96, 192, 38i. 

To each of the series add 4, and we have the sums, 
4, 7, 10, 16, 28, 52, 100, 196, 388, 

which will represent very nearly the comparative distance of 
each planet. Now, the distance of the earth from the sun v 
95 millions of miles, and as that distance is represented in the 
progression by 10, it follows that the distance of Mercury is /y 
of 95 millions, of Venus -/u-, &c. 

What led to 1233. It is to be observed, however, that before 

the discovery the, discovery of the minor planets, there was a 
qf the minor very remarkable interval between the planefc^ 
^ '^^ Mars and Jupiter, and that Bode's law, which 

seemed to accord with the distance of all the other planets, 
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appeared here to fail in its application. Kepler had suspected 
that an undiscoYered planet existed in the interval ; hut it was 
not certainly known until a numher of distin^ruished ohservers 
assembled at Lilienthal, in Saxony, in 1800, who resolved to 
direct their observations especially to that part of the heavens 
where the unknown planet was supposed to be. The result of 
the labors of these observers, and others who have followed 
them, has been the discovery of the thirty-five minor planets, 
all situated between the planets Mars and Jupiter. But these 
What opinion minor planets are so small, and their paths or 
has been formr orbits vary so little, that it has been conjectured 
to the minor ^^*^ ^^^ originally formed one large and resplen- 
planetsf dent orb, which, by the operation of some un- 

known cause, has exploded and formed the minor planets that 
revolve in orbits very near that of the original planet. 

1284. Of these thirty-five small bodies, which are quite invisible 
without the aid of a good telescope, ten were discovered by Mr. 
Hind^ of Mr. Bishop's private observatory, Regent's Park, London ; 
$ooon by De Gasparis, of Naples ; three by Ghacornac, at Marseilles ; 
three by Luther, at Bilk, Germany ; two by Olbers, of Bremen ; two 
by Hencke, of Driessen, Germany ; two by Goldschmidt, at Paris ; 
and one each by Piazzi, of Palermo ; Harding, of Lilienthal, Ger- 
many; Graham, at Mr. Cooper's private observatory, Markree 
Castle, Ireland ; Marth, of London ; and Ferguson, of Washington. 

whnt ' thA 1235. The paths or orbits of the planets 
ghapeofthe are not exactly circular, but elliptical. 
orbits of the They are, therefore, sometimes nearer to 
^^ the sun than at others. The mean distance 

is the medium between their greatest and least distance. 
Those planets which are nearer to the sun than the 
earth are called inferior planets, because their orbits are 
withm that of the earth ; and those which are further 
from the sun are called superior planets, because their 
orbits are outside that of the earth. 
Oive the reU- i236. The relative size of the sun, the 

ttve size of the ^ ,t ^ i 1 j i. 

sun, moon, moon and the larger planets, as expressed by 

and primary the length of their diameters, is as follows : 
planets. 
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Snii 

Moon ^ 
Mercury 
Venus . 
Earth . 

Haw large are 
the minor 
planeis f 



882,000 
2,153 
2,950 
7,800 
7,912 



Mars . . . 4,100 

Jupiter . . 88,640 

Saturn . . 75,000 

Uranus . . 34,500 

Neptune . . 37,500 

1287. The sue of the minor planets has been 
80 variously estimated, that little reliance can be 
placed oft the calculations. Some astronomen 
estimate them as a little over 1000 miles, while others place 
them much below that standard. Vesta has been described as 
presenting a pure white light ; Juno, of a reddish tinge, and 
with a cloudy atmosphere ; Pallas is also stated as having a 
dense, cloudy atmosphere ; and Ceres, as of a ruddy color. 
These four undergo various changes in appearance, and but 
little is known of any of them, except their distance and time 
of revolution. 

Explain 1238. Fig. 182 is a representation of the com- 
Fig, 182. parative size of the larger planets. 

Fi0.182. 




rvrciirv Mors 



Tinus £arth, 

o o 



f 1 Urantti. 



Sir J. F. W. Herschel gives the following illustration of the com- 
parative size and distance of the bodies of the solar system. *' On 
a well-levelled field place a globe two feet in diameter, to represent 
the Sun ; Mercury will be represented by a grain of mustard-seed, 
on the circumference of a circle 164 feet in diameter for its orbit ; 
Venup, a pea, on a circle 284 feet in diameter ; the Earth, also a 
pea, on a circle of 4o0 feet ; Mars, a rather laige pin^s head, on s 
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ofrcle of 654 feet ; Jnno^ Ceres, Vesta, and Pallas, grains of sand, 
in orbits of from 1,000 to 1,200 feet; Jnpiter, a moderate-sized 
orange, in a circle nearly half a mile in diameter ; Satnrn, a small 
orange, on a circle of tbur-fi^s of a mile; Uranus, a full-sized 
cherry, or small plum, upon the circumference of a circle more than 
a mile and a half; and Neptune, a good-sized plum, on a circle 
about two miles and a half in diameter. 

*^ To imitate the motions of the planets in the above-mentioned 
orbits, Mercury must describe its own diameter in 41. seconds; 
Venus, in 4 minutes and 14 seconds; the Earth, in 7 minutes; 
Mars, in 4 minutes and 48 seconds ; Jupiter, in 2 hours, 56 minutes ; 
Satjj^ in 8 hours, 18 minutes; Uranus, in 12 hours, 16 mluiltes; 
and Neptune, in 8 hours, 80' minutes." 

. 1239. The Ecliptic is the apparent path 

Ecliptic^ and ^^ ^® s^°i ^^ ^'^ ^^^ V^^ ^^ ^^ earth. 
uhyiaitso It is called the ecliptic, because every 

^ eclipse^ whether of the sun or the moon, 

mBst be in or near it. 

1240. The 2k)diac is a space or belt, six- 
Zodiaot *®®^ degrees. broad, eight degrees each side 
ofthe ecliptic. 
It is called the zodiac from a Greek word, which sig- 
nifies an ammaly because all the stars in the twelve 
parts into which the ancients divided it were formed 
into constellations, and most of the twelve constellations 
were called after some animal. 

1241. Sir J. F. W. Herschel, in his excellent treatise on As- 
tronomy, says : ^^ Uncouth figures and outlines of men and mon- 
sters are usually scribbled over celestial globes and maps, and 
serve, in a rude and barbarous way, to enable us to talk of groups 
of stars, or districts in the heavens, by names which, though absurd 
or puerile in their origin, have obtained a currency from which it 
would be diflBcult to dislodge them. In so far as they have really 
(as some have)^ any slight resemblance to the figures called up in 
imagination by a view of the more splendid * constellations,' they. 
Ijave a certain convenience; but as they are otherwise entirely ar- 
bitrary, and correspond to no natural subdivisions or groupings 
^f the stars, astronomers treat them lightly, or altogether disregard 
l^m, except for briefly naming remarkable stars, as ^Alpha LeoniSj'^ 
'Oeta Scorpio* &c., by letters of the Greek'alphabet attached to them. 
"This disregard is neither supercilious nor causeless. The con- 
tt«Bationa seem to haye been almost purposely named and delineatec* 
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to cause as much oonfurion^ and inooDvenience as possible. Id- 
numerable snakes twine through long and oontortea areas of the 
heavens, where no memory can follow them; bears, lions, and 
fishes, large and small, northern and southern, confuse all nomen- 
clature, &o. A better system of constellations might have been a 
material help as an artificial memory.'' - 

What art the 1242. The zodiac is divided into twelve 
«>»« of the signs, each sign containing thirty degrees of 
many degrees in ^^ gi^eat celestial circle. The names of these 
eocA / signs are sometimes given in Latin^ and 

sometimes in English. Thej are as follows : 



Latin. EngUflh. 

(1) Aries, The Earn. 

(2) Taurus, The Bull. 

(3) Gemini, The Twins. 

(4) Cancer, The Crab. 

(5) Leo, Tho.Lion. 

(6) Virgo, The Virgin. 



Latin. English. 

(7) Libra, The Balance. 

(8) Scorpio, The Scorpion. 

(9) Sagittarius, The Archer. 

(10) Capricomus, The Goat 

(11) Aquarius, The Water-bearer* 

(12) Pisces, The Fishes. 



1243. The signs of the zodiac and the various bodies of the 
solar system are often represented, in almanacs and astronomical 
works, by signs or characters. 

Li the following list the characters of the planets, &o.t an 
n.pr«sented. 

Q The Earth. 
<f Mars. 
g[ Vesta. 
jj Juno. 
9 Uranus. 

The following characters represent the signs 'of the Zodiac. 

T Aries. ^ Leo. f Sagittarius. 

y Taurus. njj Virgo. TJ Oapricomus. 

n Oemins. i^ Libra. szs Aquariu& 

25 Cancer. m Scorpio. 3£ Pisces. 

From an inspection of Fig. 183 it appears that when the earth 



© The Sun. 
C The Moon. 
5 Mercury. 
9 Venus. 



$ Ceres. 

$ Pallas. 

JJf Jupiter. 

I2 Saturn. 
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af seen from tho snn, is in any particnlar constellation, the son, 
as viewed from the earth, will appear in the opposite one. 

Have the signs 1244. The co9»fe22art(m^ of the zodiac do not 
of tht zodiac ^qw retain their original names. Each con- 
ed the same, stellation is about 30 degrees .eastward of the 
tmd why ? sign of the same name. For example, the con- 

stellation Aries is 30 degrees eastward of the sign Aries, and the 
constellation Taurus 30 degrees eastward of the sign Taurus, and 
60 on. Thus the sign Aries lies in the constellation Pisces ; the 
sign Taurus, in the constellation Aries ; the sign Gemini, in the 
constellation Taurus,. and so on. Hence the importance of dis- , 
tinguishing between the signs of the zodiac and the cpnsteUatiovts 
of the zodiac. The cause of the di£ference is the precession of 
the equinoxes, a phenomenon which will be explained in its propei 
connexion. 

How are the 1245. The orbits of the other planets 

^laneu ntuaied ^^^ inclined to that of the eartli; or, in 
with respect to other words, they are not in 'the same 

that of the n *^ 

earth f V^^^' 

Explain ^^g- 1^^ represents an oblique yiew of the plane 

Fig. 183. of the ecliptic, the orbits of all the primary planets, 

and of the comet of 1680. That part of each orbit which is 

above the plane is shown by a white line ; that which is below 

it, by a dark line. That part of the orbit of each planet where 

it crosses the ecliptic, or, in other words, where the white and 

dark lines in the figure meet, is called the node of the planet, 

from the Latin nodus^ a knot or tie. 

Explain 1246. Fig. 184 represents a section of the plane • 

Fig. 184. of the ecliptic, showing the inclination of the orbits 
of the planets. As the zodiac extends only eight degrees on 
each side of the ecliptic, it appears from the figure that the 
orbits of some of the planets are wholly in the zodiac, while 
those of others rise above and descend below it. Thus the 
orbits of Juno, Ceres and Pallas, rise above, while those of all 
the other planets are confined to the zodiac 
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When is a 1247. YiThea a planet or heavenly body 

said to be in any ^ ^^ ^^^ JP^ ^^ ^^ ^^^^^ which appears to 
consieUation ? be near any particular constellation^, it is said 
to be in* tiiat constellation. 

Thus, in Fig. 147, the comet of 1680 appears to approach the 
sun from the coDstellation Leo. 

What is meant 1248. The perihelion* and aphelion* 
by the verihelion of a heavenly body express its situation with 

pmgee mda^- ^^gP^^^ ^ ^e sun. When a body is nearest 
gee^ofaheavenly to the sun, it is Said to be in its perihelion. 
^' When furthest from the sun, it is said to 

be in its aphelion. 

1249. The earth is three millions of miles nearer to the 
sun in its perihelion than in its aphelion. 

The apogee * and perigee * of a heavenly body, express 
its situation with regard to the earth. When die body is 
Dearest to the earth, it is said to be in perigee ; when it is 
furthest from the earth, it is said to be in apogee.^ 

Where is the ^250. The perihelia of the planets, as seen fr&m 
perihelwnand ^^^ T' V '" tl>e following signs of the zodmc, 
^_i .. ^,j, namely: Mercury m Geniini, Venus in Leo, the 
MTtht ^^^^ ^" Cancer, Mars in Pisces, Vesta in Sagitta- 

rins, Juno in Taurus, Ceres in Leo, Pallas in Leo, 
Jupiter in Aries, Saturn in Cancer, Uranus in Virgo, and Neptune 
in Taurus. 

Whtu is meant 1251. When a. planet is so nearly on a 

and superior ^^^^ ^^^ ^^^ earth and the sun as to pass 
conjunction and between them, it is said to be in its inferior 
j>hnet ? ^ conjunction ; when behind the sun, it is said 



* The plural of Perihdion is Perihdia, and of Aphelion is Apkelia. Th« 
^ords penAe/ion, aphdion^ opoget^ and perigee^ are derived from the Greek 
language, and have the following meaning : 

Perihelion, neajr the san. 

Aphelion, from the sun. 

Perigee, ntar the earth. 

Apogee, fn*m the earth 

30 
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What U the in* 
c&naUon of the 
QseM of the 

pianets to the 
plane of their 
orbiUJ 

What causes 
the seasons t 

What causes 
the ^kfferenoes 
mthekngtk of 
the days and 
nights f 



to be in its superior eonjuneiion ; bat when bdund ihe 
earth, it is said to be in opposition. 

1252. The axes of the planets, in their 
revolution around the sun, are not perpen- 
dicukr to their orbits, nor to the plane of the 
ecliptic, but are inclined in different degrees. 

1258. This is one of the most remarkable 
circumstances in the science of Astronomy, 
because it is the cause of the different seasons, 
spring, summer, autumn and winter; and 
because it is also the cause of the difference in 
the length of the days and nights in the different parts of 
the world, and at the different seasons of the year. 

1254. The motion of the heavenly bodies is not unifiMrm. 
They move with the greatest velocity when they are in 
perihelion^ or in that part of their orbit which is nearest 
to the sun; and slowest when in aphelion, 

1255. It was discovered by Kepler, and proved by 
Newton, that if a line is drawn from the sun to either 
of the planets, this line 
passes over or describes 
equal areas in equal times. 
This line is called the ra-- 
diuS'Vecior, This is one of 
Kepler's great laws. 
Explain In Fig. 185, 
ni^. 185. let S represent the 
son, and £ the earth, and the 
ellipse or oval, be the earth's 
orbit, or path around the sun. 
By lines drawn from the sun 
at S to the outer edge of the ,g...... 

figure, the orbit is divided 




ASTBUKOJCT. 851 

into tw^TO areas 4f <Hfferent shapes, but eadi oontaining the 
same quantity of s^jace. Thus, the spaces £SA,ASB, DSC, 
&c., are all supposed to be equal. Now, if the earth in the 
space of one mbntl will move in its orbit from £ to A, it will 
in another month inove from A to 6, and in the third month 
from B'^to C, d^c, and thus its radius vector will describe equal 
areas in equal times. 

The reason why the earth (or any other heavenly body) moves 

with a greater degree of velocity in its perihelion thai| in its 

aphelion m^ likewise be explained by the same figure^ Thus : 

The earth, in its progress from F to L, being con^an^^ urged 

forward by the sun*s attraction, must (as is the case with a fidl* 

ing body) move with an accelerated motion. At L, the sun's 

attraction becomes stronger, on account of the nearness of the 

earth ; and consequently in its ipotion> from L to E the earth 

will move with greater rapidity. At E, .which is the perihelion 

of the earth, it acquires its greatest velocity. Let us now detafai it 

at £, merely to consider the direction of the forces by which it 

is urged. K the sun's attraction could be destroyed, the force 

which has carried it from L to E would cairy it off in the dotted 

line from E to G, which is a tangent to its orbit. But, while the 

earth has this tendency to move towards G, the sun's attraction 

is continually operating with a tendency to carry it to S. Now, 

when a body is urged by two forces, it will move between them ; 

but, as the sun's attraction is constantly exerted, the direction 

of the earth's motion will not be in a straight line, the diagonal 

of one large parallelogram, but through the diagonal of a num- 

bei of infinitely small parallelograms ; which, being united, form 

the curve line E A. 

It is thus seen that while the earth is moving from L to E the 
attraction of the sun is stronger than in any other part of its 
orbit, and will cause the earth to move rapidly. But in its 
motion from B to A, from A to B, from B to C, and from 
C to P, the attraction of the sun, operating in an opposite direc- 
tion, will cause its motion from the sun to be retarded, until, at 
P, the direction of its motion is reversed, and it begins again to 
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approach the sun. Thus it appears that in its passage from the 
perihelion to the aphelion the motion of the earth, as well aa 
that of all the heavenly bodies, must be constantly retarded, 
while in moving from their aphelion to perihelion it is con 
stantly accelerated, and at their ptr|fi^|>n the velocity will be 
the greatest. The earth, ther^f«J*!B ^MHi^' ^en days longer 
in performing the aphelion part of* its orbit tnan in traversing 
the perihelion part ; and the revolution of all the other planets, 
being the result of the same cause, is affected in the same man- 
ner as that of the earth. 

nn ^ .L 1256. The other two great laws dis- 

Whai are the . UijM^^^'^Jk 

three laws of covered ^Jt^^^wMnH^^^^ ^^ discoveries 
^^^ of NewtQj^j^^^Ppl^'lthe whole modern 

iheory of the planets, are b^seippBaaS'-* ; 

1257. (1.) That the planets do not move in circles, 
bnt in ellipses, of which the Biln is in one of the foci. 

1258. (2.) In the motion of the planets, the squares 
of the times of revolution are as lie cubes of the mean 
distances from the sun. 

It was by this law that, in the want of other means, the 
distance of the planet Uranus from the sun was estunated. 
Row mwh nearer 1259. The earth is about three millions 
tflJ^^tl^J^ of miles nearer to the sun in winter than 

tun %n 9UVMMT 

than in the win- in summer. The heat of summer, there- 
tert [Be careful foj^ ^^^ ^ only partially affected by 

not to he eavght , ' . • .* i i / i 

in this questian.] the distance ol the earth from the sim. 

The sun is nearest to the earth in the summer of the southern 
hemisphere, and the heat is more intense there than in corres- 
ponding latitudes of the north. This is due to the greater 
amount ef land in the northern hemisphere, which by its radi- 
ating power diffuses the heat more equally. 

Whm is the heat 1260. On account of the inclination of 
^theeunths tho earth's axis, the rays of the sim fall 
greatest f more or less obliquely on different parts 
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of the eartli's surface- at different seasons of the jew. 
The heat ia al^i^^;gT!j3tcst when the sun's rays fall 
vertically; ai^pe-more obliquely they fall, the fewer 
of them fall on &y given space. 

This is the reason why the days Are hottest in summer, alllioii^ 
the earth is further from the son at that time. 
Kxpkan 1261. Figi 186 represents the manner in which 

^'S- "" tie raya of the sun fall upon the earth in summer and 
in winter. The norl^^le of the earth, at all seasons, constantly 
points to the north star N ; and, when the earth is nearest to the 
0un, the rays from the sun fall as indicated by W in the figure; 
and. as their direction is very obliqae, and they have a larger 
ii(.ua 




portion of the atmosphere to traverse, mach of their power if 
tost, nence we have cold weather when the earth is nearest tc 
' the son. Sut when the earth is in aphelion the rays fall almosi 
vertically or perpend ienlarly, as represented by 8 in the figure 
and, although the earth is then nearly three millions of milei 
further from the sun, the heat ia greatest, heeauge the rays fall 
more directly, and have a less portion of the atmosphere to 
traverse. 

This may be more &mi]iarly explained hj oomparing summer 
tays to a ImII or stono thrown dirootlj at an otgeot, so as to ' 
80* 
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■trike it with all its ibroe; and winter rajs to tlie same bill « 
stone thrown obliquely, so as merely to grtize the object 

Wkyis it cooler 1262. For a similar reason we find, even m 
^*^ i!Ln summer, that early in the morning and late in 
m Me mMh the aflemoon it is much cooler tiian at Doon, 
of the day f because the sun then 'shines more obliquely. 

The heat is generally the greatest at about three o'clock in the 
afternoon ; because the earth retains its heat for some lengUi of 
time, and the additional heat it is constantly receiving 6t>m the 
Ban causes an elevation of temperature, even after the rays 
begin to &11 more obliquely. 

What cauKsthe 1263. It is the same cause which occasioiu 

different c^- ^^ variety of climate in different parts of the 
mates tn atner- ^ .... 

ent parts of the earth. The sun always shines in a directioa 

v)crld t nearly perpendicular, or vertical, on the equatorr 

and with different degrees of obliquity on the other parts of ibe 

earth. For this reason, the greatest degree of heat prevails at 

the equator during the whole year. The further any place is 

situated from the equator, the more obliquely will the rajs &11 

at different seasons of the year, and, consequently, the greater 

will be the difference in the temperature. 

,,r> . 1 -n 1264. If the axis of the earth were perpen- 
What places will ,. , ,. , « , . 

have the coolest dicular to its orbit, those parts of the earth 

temperature f which lie under the equator would be constantly 
opposite to the sun ; and as, in that case, the sun would, at all 
times of the year; be vertical to those places equally distant &om 
both poles, so the light and heat of the sun would be dispersed 
with perfect uniformity towards each pole; we should have no 
variety of seasons ; day and night would be of the same leogth, 
and the heat of the sun would be of the same intensity every 
day throughout the year. 

What effects are 1265, It is, therefore, as has been stated, 
tnUin^ion^of owing to the inclination of the eartKs 
the earth's axisS axis that we have the agreeable variety 
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%f the setisansj days and nights of difertni lengths^ 
and that wisely^ordered variety of climate which causes 
90 great a variety of productions^ and which has afford' 
ed so powerful a stimulus to human industry. 

1266. The wisdom of Providence is frequently displayed in appar^ 
ent inconsistencies. Thus, the very oireonstance wnioh, to the 
short-sishled philosopher, appears to have thrown an insurmountable 
barrier oetween the scattered portions of the human race, has been 
wisely ordered to establish an interchanse of blessings, and to bring 
the ends of the earth. in communion. Were the same productions 
found in every region of the earth, the stimulus to exertion vrould 
be weakened, and the wide field of human labor would be greatly 
^^inished. It is our mutual wants which bind us together. 

1267. In order to understand the illustration of the causeB of 
the seasons, &c., it is necessary to have some knowledge of the 
circles which are drawn on the artificial representations of the 
earih. It is to be remembered that all of these oircles art 
wholly imaginary ; that is, that there are on the earth itself no 
Bach circles or lines. They are drawn on maps merely for th« 
purpose of illustration. 

l^lmn 1268. Fig. 187 represents the earth. N S is the 

'^' axis, or imaginary line, around which it daily turns; 

N is the north pole, S is the south pole. 
These poles, it will be seen, are the 
extremities of the axis N S. CD 
represents the equator, which is a cir- 
cle around the earth, at an equal dis- 
tance from each pole. The curved 
lines proceeding from N to S are me- 
ridians. They are all circles sur- 
rounding the earth, and passing through ^^^^jf^^ 
the poles. These meridians may be multiplied at pleasure. 

The lines E F, I K, L M, and G H, are designed to represent 
circles all of them parallel to the equator, and forihis reason 
they are called parallels of latitude. These also may be mul- 
tiplied at pleasure. 

But in the figure these lines, which are parallel to the equator^ 
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and wluoh are at a oertain distance from it, liave a diffinrenl 
name, derived from the manner in whidi the son's rays &li on 
the Borface of the earth. 

Thus the circle I K, 23^^ degrees from the equator, is called 
the tropic of Cancer, and the circle L M is called the tropic of 
Capricorn. The circle E F is called the Arctic Circle. It 
represents the limit of perpetual day when it is summer in the 
northern hemisphere, and of perpetual night when it is winter. 

On the 2lst of March the rays of the sun fall vertically on 
the equator, and on each succeeding d%y on places a little to the 
north, until the 2l8t of June, when tbey fall vertically on places 
23 j- degrees north of the equator. Their vertical direction then 
turns back again towards the equator, where the rays again fidl 
vertically on the 23d of September, and on the succeeding days 
a little to the south, until the 21st of December, when they &11 
vertically on the places 23j- south of the equator. Their yerti- 
cal direction then again turns towards the equator Hence the 
circles I K and L M are called the tropics of Cancer and Cap- 
ricorn. The word tropic is derived from a word which signifies 
to turn. The tropics, therefore, are the boundaries of the son^ 
apparent path north and south of the equator, or the lines at 
which the sun turns back. 

The circle G H is the Antarctic Circle, and represents the 
limit of perpetual day and night in the southern hemisphere. 
The line L K represents the circle of the ecliptic, which, as has 
already been stated, is the apparent path of the sun, or the real 
path of the earth. This circle, although it is generally drawn 
on the terrestrial globe, is, in reality, a circle in the heavens; 
and differs from the zodiac only in its width, — the sodiao ex- 
tending eight degrees on each side of the ecliptic. 

Expkdn 1269. Fig. 188 represents the manner in which tiie 

r*g* io . g^^ shines on the earth in different parts of itis oibit; 
or, in other words, the cause of the change in the seasons. 8 
represents the sun, and the dotted oval, or ellipse, A B C D, the 
orbit of the earth. The outer circle represents the lodiac, with 
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ihe position of the twelve ogns or constellations. On the 21st 
of June, when the earth is at I), the whole northern polar region 
is continoallj in the light of the son. As it tarns on its axis, 
therefore, it will be day to all the parts which are exposed to 
the light of the sdh. Bat, as the whole of the Antarctic circle 
is within the line of perpetaal darkness, the son can shine on no 
part of it. It will, therefore, be constant night to all places 
within that circle. As the whole of the Arctic circle is within 

Tig. 188. 




ihe line of perpetaal light, no part of that circle will be tamed 
from the son while the earth turns on its axis. To all places, 
therefore, within the Arctic circle, it will be constant day. 

On the 22d of September, when the earth is at C, its axis is 
neither inclined to nor from the sun, but is sidewise ; and, of 
course, while one*half of the earth, from pole to pole, is enlight- 
ened, the other half is in darkness, as would be the case if its 
uus were perpeudioolar to the plane of its orbit ; and it is tUi 
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whibk cMueo the days and nights of this season of the year to 
be of equal length. 

On the 23d of December the earth has progressed in its c»bit 
to B, whioh causes the whole space within the northern pc^ar 
circle to be continually in darkness, and morS of that part of the 
earth north of the equator to be in the shade than in the light 
of the sun. Hence, on the 2lBt of December, at all places north 
of the equator the days are shorter than the nights, and at all 
places south of the equator the days are longer than the nighta 
Hence, also, within the Arctic circle it is uninterrupted night, 
the sun not shining at all ; and within the Antarctic circle it is 
uninterrupted day, the sun shining all the time. 

On the 20th of March, the earth has advanced still further, and 
is at A, which causes its axis, and the length of the days and 
nights, to be the same as on the 20th of September. 

.|_. . 1270. From the explanation of figure 198, 

by the Equinoxes ^^ appears that there are two parts of its or'&it 
and the Sol- in which the days and nights are equal all oyer 
*^^ the earth. These points are in the sign of 

Aries and Libra, which are therefore called the equinoxes. 
Aries ik the vernal (or spring) equinox, and Libra the autumnal 
equinox. 

1271. There are also two other points, called solstices, because 
the sun appears to stand at the same height in the heavens m 
the middle of the day for several days. These points are in the 
signs Cancer and Capricorn. Cancer is called the summer sol- 
stice, and Capricorn the winter solstice. 

How are day 1272. Day and night are caused by the rota- 

and night cans- tion of the earth on its axis every 24 hours. 

«rf, and what is i^ jg ^^^ ^ ^|. gj^^ ^f ^j^^ ^j^^h which .is 

the reason of the _ 

difference in towards the sun, and night to the opposite side. 

their length f The length of the days is in proportion to the 
inclination of the axis of the earth towards the sun. It may be seen, 
by the above figure, that in summer the axis is most indined 
towards the sun, and then the days are the longest As the north 
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pole becomes less inclined, the days shorten, till on the Slst of De- 
cember it is inclined 23^- degrees frtmi the son, when die dajt 
are the shortest. Thns, as the earth progresses in its orbit, after 
the days are the. shortest, it changes its inclination towards the 
sun, till it is again inclined as in the longest days in thesonimer. 

VfUch of the 1273. As the difference in the length of the 
^^^t^iff^ days and the nights, and the change of the 
tnce in xU sear • seasons, &c., on the earth, is caosed by the in« 
*^"^ *' clination of the earth's axis, it follows that all 

the planets whose axes a^ inclined must experience the same 
vicissitude, and that it must be in proportion to the degree of 
the inclination of their axes. As the axis of the planet Jupiter 
is nearly perpendicular to its orbit, it follows that there can be 
little yariation in the length of the days and little change in the 
seasons of that planet. 

1274. There can be little doubt that the sun, the planets, stars, 
&c., are all of them inhabited ; and, although it may be thought 
that some of them, on account of their immense distance from the 
Bun, experience a great want of light and heat, while others are so 
near, and the heat consequently so great, that water cannot remain 
on them in a fluid state, yet, as we see, even on our own earth, that 
creatures of difierent natures live in different elements, — as, for 
instance, fishes in water, animals in air, &c., — creative wisdom could, 
undoubtedly, adapt the being to its situation, and with as little 
exertion of power form a race whose nature should be adapted to 
the nearest or the most remote of the heavenly bodies, as was re- 
quired to adapt the fowls to the air, or the fishes to the sea. 

WmiuheSan, ^276. Op THE SuN. — The Sun is a 
o^r^ what is its spherical body, situated near the centre of 
^°"^*^' gravity of the system of planets of which 

our earth is one. 

Hmo much larger 1276. Its diameter is 882,000 English 

'tk?lu^^^ ^^^' "^^^^ ^^ ^^^ ^ ^^^ diameters of 

\Annwer €ar€- the earth; and, as spheres are to each 
^"''y-3 other in the proportion of the cube of their 

respective diameters, therefore his cubic magnitude must 
ttceed that of the earth one million of times. It r^ — ^~^ 
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around its axis in 25 days and 8 hours. This has been 
ascertained by means of several dark spots which haye 
been seen with telescopes on its surface. 

1277. Sir Wm. Herschel supposed the spots on the 
Bun to be the dark body of the sun, seen through open- 
ings in the luminous atmosphere which surrounds Imn. 

1278. It is probable that the sun,* like all the other 
heavenly bodies (excepting, perhaps, c6mets), is in- 
habited by beings whose nature is adapted to their 
peculiar circumstances. 

1279. Many theories have been advanced with regard 
to the nature of the sun. By some it has been r^arded 
as an immense ball of fire ; but the theory which seems 
most in accordance with facts is, that the light and heat 
are communicated from a luminous atmosphere, or at- 
mosphere of flame, which surrounds the sun, at a con- 
siderable distance above the surface. 

What is the zo- 1280. The zodiaoal light is a singular phie* 
diacal light, and nomenon, accompanying the sun. . It is a faint 
tu cause, |>^^ which often appears to stream npfram 

{he sun a little after sunset and before sunrise. It appean 
nearly in the form of a cone, its sides being somewhat onrved, 
and generally but ill defined. It extends often from 50^ to 100* 
in the heavens, and always nearly in the direction of the plane 
of the ecliptic. It is most distinct about the beginning of IMLarch, 
but is constantly visible in the torrid zone. The cause of thiB 
phenomenon is not known. 

1281. llie sun, a^ viewed from the different planets, appean 
of different sizes according to their tespective distances. Flj. 
189 affords a comparative view of his apparent magnitude, as 
seen from all except the last twenty of the minor planets. 

* In almansoi the fan if ufuaUy ireprefentad by a fmairoirbley with tiM 
liMe of a man in it, thttf : O 
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j^ggcribethg ^^^^' ^^ Mbrcury. — Mercury is the 
pkmei Mer* nearest planet to the sun, and is seldom seen ; 
^*^* because his vicinity to the sun occasions his 

being lost in the brilliancy of the sun's rays. 

„ 1288. The heat of this planet is so great 

now many f ° 

seas are there that water cannot exist there, except in a 

on ihe planet ^^^ ^f yapor, and metals would be melted. 
Mercury* *^ ' 

The intensity of the sun's heat, which is in 
the same proportion as its light, is seven times greater in 
Mercury than 'on the earth, so that water there would be 
carried off in the shape of steam ; for, by experiments made 
with a thermometer, it appears that a heat seven times 
greater than that of the sun's beams in summer will make 
water boil. 

How hue at 1284. Mercury, although in appearance 

night may only a small star, emits a bright white light, 
Mercury be j^y ^hj^jh it may be recognized when seeiL 

It appears a little before the sun rises, and 
again a little after sunset; but, as its angular distance 
from, the sun never exceeds twenty- three degrees, it is 
never to be seen longer than one hour and fifty minutes 
after sunset, nor longer than that time before the sun rises. 

How does Mer- 1285. When viewed through a good tele- 
cury appear scope. Mercury appears with all the varioas 

when seen r t ^ */ x m. 

through a phases, or increase and decrease >of light, irhh 
telescope t which we view the moon, except that it never 
appears quite full, because its enlightened side is tamed 
directly towards the earth only when the planet is so near 
the sun as to be lost to our sis^ht in its beams. Like tbit 
of the moon, the crescent or enlightened side of Men^irj is 
always towards the sun. The time of its rotation on fts 
axis has been estimated at about 24 hours 
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Ihiscnbe the 1286. Of Vbnus. — Venus, the second 

pUmet Venus, pjaug^ |n order from the sun, is the nearest to 

the earth, and on that account appears to be the largest 

and most beautiful of all the planets. During a part of 

the year it rises before the sun, and it is then called the 

morning star ; during another part of the year it rises after 

the sun, and it is then called the evening star. The heat 

and light at Venus are nearly double what they are at the 

earth. 

1287. By the ancient poets Venus was called Phosphor^ or Luo- 
yW*, when it appeared to the west of the sun, at which time it is 
morning star, and ushers in the light of day ; and Hesperus^ ist 
Vesper y when eastward of th« sun, or evening star. 

Why is Venus 1288. Venus, like Mercury, presents to us 
never seen late all the appearances of increase and decrease 
"'* ' of light common to the moon. Spots are also 
sometimes seen on its sur&ce, like those on the £un. By 
reason of the great brilliancy of this planet, it may some- 
limes be seen even in the day-time by the naked eye. But 
t is never seen late at night, because its angular distance 
from . the sun never exceeds forty-five degrees. In the 
absence of the moon it will cast a shadow behind an opaque 
body. 

What is meant 1289. Both Mercury and Venus sometimes 
by the transit pass directly between the sun and the earth. 
of ap anet . ^^ ^j^^j^ illuminated surface is towards the sun, 
their dark side is presented to the^ earth, and theyappear 
like dark spots on the sun's disk. This is called the 
transit of these planets. 

1290. The reason why we cannot see the stars and planets in 
the day-time is* tiiat their light is so &iDt compared with the 
light of the son reflected by our atmosphere. 

Describe the 1291. Of THE Earth. — The Earth on 

^^^ ^ which we live is the next phmet in the so?ar 
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Bystem, in the order of distance, to Venus. It is a large 
globe or ball, nearly eight thousand miles in diameter, and 
aboat twenty-five thousand miles in circumferenoe. It is 
known to be round, — firsts 'i)ecause it casts a circular 
shadow, which is seen on the ;noon during an eclipse; 
secondly^ because the upper parts of distant objects on 
its surface can be seen at the greatest distance ; thirdly^ 
it has been circumnavigated. It is situated in the midst 
of the heavenly bodies which we see around us at night, 
and forms one of the number of those bodies; and it 
belongs to that system which, having the sun for its centre, 
and being influenced by its attraction, is called the 'solar 
system. 

How much It is not a perfect sphere, but its figure is 

^oi^tll^uke ^^^^ ^^ ^ ^^^^ spheroid, the equatorial 
equatorial diameter being about twenty-six miles longer 

cflrtA/lrra^ than its polar diameter. 
before you It is attended by one moon, the diameter 

speak.] Qf which is about two thousand miles. Its 

mean distance from the earth is about 240,000 miles, and 
it turns on its axis in precisely the same time that it per- 
forms its revolution round the earth ; namely, in twenty- 
seven days and seven hours.. 
r» .r ^T 1292. The earth, when viewed from the 

Describe the ... 

earth as a moon, exhibits precisely the same phases that 
moon, ^jjg moon does to ns, but in opposite order. 

When the moon is full to us, the earth will be dark to the 
inhabitants "* of the moon ; and when the moon is dark to 
as, the earth will be full to them. The earth appears to 
them about thirteen times larger than the moon does to us. 

* This obsenration should be qualified bj the condition that the moon if 
inhabited. Although there is abundant reason for the belief that the 
Planets are «« fAe grtm abotUa of Itfe," there are many reasons to belitvi 
ttiat tlie moon, in its present state, is neither inhabited nor habitablt. 



As the moon, however, always presents nearly the same 
Bide to the earth, there is one-half of the moon Avhich we 
never see, and firom which the earth cannot be seen. 

1293. As this book may possibly incite the inquiry how it is that 
the astronomer is ible to measure the size and distances of those 
immense bodies tL3 consideration of which forms the subject of 
Astronomy, the process will here be described by which tlie diam- 
eter of the earth may be ascertained. 

1294. All circles, as bus already been stated, are divided into 360 
degr es, and, by means of instruments prepared for the purpose, 
the t »mber of degrees in any arc or part of a circle can be correctly 
ascertained. Let us now suppose tnat an observer, standing uptm 
any fixed point, should notice the position of a particular star, — the 
north or polar star, for instance. Let him then advance from his 
station, and travel towards the north, until he has brought the star 
exactly one degree higher over his head. Let him then measure the 
distiince over which he has travelled between. the two points of 
observation, and that distance will be exactly the length of one 
degree of the earth's circumference. Let him multiply that dis- 
tance by 300, and it will give him the circumference of the earth. 
Havins thus found the circumference, the diameter may readily be 
foond by the common rules of arithmetic. 

This calculation is based on the supposition that the earth is a 
perfect sphere, which is not the case, the equatorial diameter being 
about twenty-six miles longer than the polar. But it is sufficiently 
near the truth for the present purpose. The design of this work 
not admitting rigid mathematical aemonstrations, this instance of 
the commencement of a calculation is given merely to show that 
what the astronomer and the mathematician tell us, wonderful as 
it may appear, is neither bare assertion nor unfounded conjecture. 

What motions 1295. It has been stated that the earth re- 

have the inhabit- volves upon its axis every day. Now, as the 

^'i^Ji^thZ^l ^^^^^ ^» *^^^* 2^'^^^ ^^^^^ ^"^ circumference, 
pltmet? See, it follows that the* inhabitants of the equator 
also. No. 1296. ^^^ carried aroimd this whole distance in about 
twenty-four hours, and every hour they are thus carried through 
space in the direction of the diurnal motion of the earth at the 
rate of ^^th of 25,000 miles, which is more than 1000 miles in 
an hour. 

1296. But this is not alL Every inhabitant travels with the 
earth through its immense orbit, the diameter of which is about 
190 millions of miles, or through a space of more than 670 miK 

81* 
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Hoiw of miles every jear. Ttaa will give him, at the eame time, 
a motion of more than 08 000 miles in an hour in a different 
direction. If the question be asked, why each individual is not 
sensible of these tremendously rapid motions, the answer is, 
that no one ever knew what it is to be without them. We can- 
not be sensible that we have moved without feeling our motion, 
as when in a boat a current takes us in one direction, while a 
gentle wind carries ms^ at the same time, in another direction 
It is only when our progress is arrested by obstacles of some 
kind that we can perceive the difference between a sute of 
motion and a state. of rest. 

What Id ^^97. jXhe,i:apid motion of a. thousand miles in 

betheconse- an hour is no4rStifllcient to overcome the centri- 

quenceifthe petal force caused 'by gravity; but, if the earth 

earth should , , , , " ' i -^ 

revolve on its ^^^l^ revolva around its axis seventeen times m 

axis once in a day, instead of once, all bodies at the equator 
on iiour, would be lifted up, and the attraction of gravita- 

tion would be counterbalanced, if not wholly overcome. 

1298. Certain irregularities in the orbit of the earth have 
been noticed by astronomers, which show that it is deviating 
from its elliptical form, and approaching that of a circle. In 
this fact, it has been thought, might be seen the seeds of decay. 
But Laplace has demonstrated that these irregularities proceed 
from causes which, in the lapse of immensely long periods, 
counterbalance each other, and give the assurance that there is 
no other limit to the present order of the universe than the will 
of its great Creator. • 

Describe the 1299. Of Mars. — Next to the earth is 

planet Mars, the pl;g^et Mars. It is conspicuous for iXs 
fiery-red appearance, which is sinpposed by Sir John 
Herso.hel* to be caused by the color of its soil. 

* Sir John Herschel is the son of Sir William Herschel, the disocTeier 
of the planet UranuB. 



Tbe degree of heat and lighiit at Mare is less than half 
of that received by the earth* i^t.-.> «i?/v. . . 

1800. Of the Minor Planets. — ^It bff^^adyjbeen men-' 
tioDod that between the orbits of Mars aud Ju|^(8r thirty-five 
small bodies have been discovered, which are called the minor 
planets. It is a remarkable fact, that before the" discovery of 
Code's law (see No. 1232) certain irregularities observed in the 
motions of the old planets induced so^ a^li^nomers to sap- . 
pose that a planet existed between the^qrbits of Mars aLi Jupi- 
ter. The opinion has been advanced that these small bodies 
originally composed one larger one, which, by some unknown 
force or convulsion, burst asunder. This opinion is maintained 
with much ingenuity and plausibility by Sir David Brewster. 
(See Bdin. Encyc^ art AsxRONOMy.) Dr. Brewster further 
supposes that the bursting of this planet may have occasioned 
the phenomena of meteoric stones ; that is, stones which have 
fallen on the earth from the atmosphere. 

Describe the 1301, ©B;JuPiTKiL — Jupiter is the largest 

pUmet Jupiter, planet of the solar system, and the most bril- 
liant, except -Venus. The heat and light at Jupiter are 
about twenty-five times less than that at the earth. This 
planet is attended by four moons, or satellites, the shadows 
of some of which are occasionally visible upon his surface. 

1802. The distance of those satellites from the planet are 
two, four, six and twelve hundred thousand miles, nearly. 

The nearest revolves around the planet in less than two days ; 
ihe next, in less than four days ; the third, in less than eight 
days ; and the fourth, in about sixteen days. 

These four moons must afford considerable light to the inhab- 
itants of the planet ; for the nearest apfears to them four times 
the size of our moon, the second about the same size, the third 
somewhat Ices, and the fourth about one-third the diameter of 
our moon. 
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1808. , As ih« ftxis of Jupiter is nearly perpendicular to it 
orbit, it has no sensible change of seasons. 

\Okat Aa* 1304. The satellites of Jupiter often pass be- 
iten made of ^^^^ ^^ body of the planet, and also ioto its 
Jhe eclipses of shadow, and are eclipsed. These eclipses are of 
fl^f * ^ use in ascertaining the longitude of places on the 

earth. By these eclipses, also, it has been ascer- 
tained that light is about eight minutes in coming from the sun 
to the earth ; for an eclipse of one of these satellites appears 
to us to take place sixteen minutes sooner when the earth Ls in 
that part of its orbit nearest Jupiter than when in the pari 
furthest from that planet. Hence, light is sixteen minutes in 
crossing the earth^s orbit, and of course half of that time, or 
eight minutes, in coming from the sun to the earth. 

Whai is the an- 1305. When viewed through a telescope, 
m/^^sem ^ several belts or bands are distinctly seen, some- 
through a tele- times extending across his disk, and sometimes 
*'^' interrupted and broken. They differ in dis* 

tance, position, and number. They are generally dark; but 
white ones have been seen. 

On account of the immense distance of Jupiter from the 8;oii 
and also from Mercury, Venus, the Earth and Mars, observerr 
on Jupiter, with eye& like ours, can never see either of the above 
named planets, because they would always be immersed in the 
sun's rays. 

Describe the 1306. Of Satubist.— Saturn is the seo- 

planet Saturn, ond in size, and the last but two in dis- 
tance from the sun. The degree of heat and light at 
this planet is eighty times less than that at the earth. 

How is Saturn 1307. Saturn is distinguished from the 
particularly other planets by being encompassed by 
fromt^othef ^^^ ^^^ge luminous rings. They reflect 
planets f the sun's light in the same manner as his 

moons. They are entirely detached from each other, ard 
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from the body of the planet They turn on nearly the 
same axis witli the planet, and in nearly the same time 

1308. These rings move together around the planet, 
hot are abont three mirnUes longer in performing their 
leYolution abont him than Saturn is in revolving about 
his axis. The edge of these rings is constantly a^ right 
angles with the axis of the planet. Stars aie said to 
have been seen between the rings, and also between the 
inner ring and the body of the planet. The breadih of 
the two outer rings is about 27,000 miles, and the dis- 
tance of the second ring from the planet is about 19,000 
miles. As they cast shadows on the planet, Sir Wra 
Herscbel thought them solid. 

1309. The surface of Saturn is sometimes diversified, 
like that of Jupiter, with spots and belts. Satui-n has 
eight satellites, or moons, revolving around him at dif- 
ferent distances, and in various times, from less than 
one to eighty days. 

1310. Saturn may be known by his pale and steady light* 
The eight moons of Saturn revolve at different distances around 
the outer edge of his rings. Sir William Herschel saw them 
moving along it, like bright beads on a white string. They do 
not often suffer eclipse by passing into the shadow of the planet, 
because the ring is in an oblique direction. 

I^eBcrtbe the 1311. Op Uranus. — Uranus, the fourth 
planet UranuB, in size, is the most remote of all the old 
planets. It is scarcely visible to the naked eye. The 
light and heat at Uranus are about 360 times less than 
that of the earth. 

1312. This planet was long known by the name of 
Herschel, the discoverer, who, in announcing his dis- 
covery, named it the " Georgium Sidus," in honor ol 
King George III. The name of Uranus was given to it 
by the continental astronomers. 
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It was fonnerlj oonsidcred a small s'ar, but 8ir Wm. 
IleiTSchel, in 1781, discovered, from itw motion, that it 
is a planet. 

By hou> many l^^^* /CTranns is attended by six moons, 
moon$isUranui or satellites, all of which were discovered 
attended r Y)j Sir Wm. Herachel, and all of them re- 
volve in orbits nearly perpendicular to that of the 
planet Their motion is retrograde. 

What is the em- l^^^* It appears to be a general law of jsat- 
tral law of the ellites, or moons, that they turn on their axis 
rotation of sai^ in t^ game time in which they revcloe arcwnd 

their primaries. On this account, the inhabit- 
ants of secondary planets observe some singular appearanceS} 
which the inhabitants of primary planets do not Those who 
dwell on the side of a secondary planet next to the primary will 
always see that primary ; while those who live on the opposite 
side will never see it. Those who always see the primary will 
see it constantly in very nearly the same place. For example, 
those who dwell near the edge of the moon's dbk will always 
see the earth near the horizon, and those in or near the centre 
will always see it directly or nearly overhead. Those who dwell 
in the moon's south limb will see the earth to the northward ; 
those in the north limb will see it to the southward > those in 
the ea^t limb will see it to the westward ; while those in the 
west limb will see it to the eastward \ and all will see it nearer 
the horizon in proportion to their own distance from the centre 
of the moon's disk. Similar appearances are exhibited to the 
inhabitants of all secondary planets. These observations are 
predicated on the supposition that the moon is inhabited. But 
it is not generally believed that our moon is inhabited, or in its 
pioseiit condition fitted for the residence of any class of beings. 
1315. It is; a singular circumstance, that before the discovery of 
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tJranufl some diatarbances and deviations wore obeerved by astron- 
omers in the motions of Jupiter and ^Saturn, whicb they oould 
account for only^on the supposition that these two planets were in- 
fluenced hy the attraction of some more remote and undisoovered 
planet. The discovery of UnmtiB completely verified their opinions, 
and shows the extreme nicety with which astronomers observe the 
motions of planets. 

What led to the 1316. Ov Neptunb. — The discovery of the 
discovery cf the planet Neptune (named originally Le Verrier, 
fhauA Neptunet ^^^ j^ discoverer, in 1846) is one of the greatest 
triumphs which the history of science records. As certain per- 
turbations of the movements of Saturn led astronomers to sus- 
pect the existence of a remoter planet, which suspicions were 
fully confirmed in the discovery of Uranus, so also, after the dis- 
oovery of Uranus, certain irregularities were perceived in his 
moUons, that led the distinguished astronomers of the day to the 
belief that even beyond the planet Uranus still another undis- 
covered planet existed, to reward the labors of the discoverer. 
Accordingly Le Verrier, a young French astronomer, urged by 
his friend Arago, determined to devote himself to the attempt 
at discovery. With indeiatigable industry he prepared new 
tables of planetary motions, from which he deter^iined the pertur- 
bations of the planets Jupiter, -Saturn, and Uranus, and as early 
as June, 1846, in a paper presented to the Academy of Sciences 
in Paris, he pointed out where the suspected planet would be 
on the Ist of January, 1847. He subsequently determined the 
mass and the elements of the orbits of tho planet, and that, too, be- 
fore it had been seen by a human eye. On the 18th of September 
of 1846, he wrote to his friend, M. Qalle, of Berlin, requesting 
him to direct his telescope to a certain point in the heavens, where 
he suspected the stranger to be. His friend complied with his 
request, and on the first evening of examination discovered a 
strange star of the eighth magnitude, which had not been laid down 
in any of the maps of that portion of the heavens. The follow- 
ing evening it was found to have moved in a direction and with a 
velocity very nearly like that which Le Verrier had pointed out. 
The pknet was found within le4!S than one degree of the place 
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whan Le Verrier had located it. It was Bubsequently SEcer- 
tsioed that a young Esglieh mathematidan, Hr. Adams, (A 
Cambridge, bad been engaged in the same compqtatJODS, and 
had arrived at nearly the same resattB with Le Verrier. 

1817. WhatEhall we say of sdence, then, that enables its devoted 
A>l|ower8 to reaob oat iato Bpace, and feel sDcoeesTelly ia the dark 
for an object more than twenty-ei^t fanndred millions of mil^ 



1818. Id oonciueion of thia biief noUce of the planets, a piata 
is here praeeoted ebowing the relative appcareoce of the plaoeta 
•I viewed tbroogb a telescope. It will bo observed that the 
planets Uercnry and Venas have similar phases to those of out 
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Wwiita 1319. Of Comets. — The irord Cometiade- 
Cmaet ! rJved from a Greek word, which means hair; and 
duB name is given to a numerous class of bodies, which occa- 
eionally visit and appear to belong to the solar system. These 
bodies seem to consist of a nucleus, attended with a luckl 
hue, sometimes resembling flowing hair ; from whence the 
■ name is derived. Some comets appear to cuusist wliolly 
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of thia hozT or hairy appearance, whidi is freqaently ciBal 
the tail of the comet 



OMMtoT ISll, ODa of the inuit brillinut uf mudem timu. Period, 3SU 

1320. In anoieot times the appearance of cornels was regard- 
ed with gaperstitions fear, in the belief that thej were the forft- 
Timnera of some direful calamity. These feara hare now been 
banished, and the oomct is viewed as a constituent member of 
Ae aTstem, governed by the same harmonious and unchao^ng 
laws which regulate and control all the other heavenly bodies. 

1321. The Dumber of comets that have oocanonally appeared 
wiUkin the limits of the solar system is variously stated from 850 , 
to 600. The paths or orbits of abont 98 of these have been 
oalsolated from observation of the times at which they most 
nearly approached the sod ; their distance from it and from the 
earth at those times ; the dirocUon of their movements, whether 
Ihitii ea»it to west, or from west to east ; and the place* in the 

Its 
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•Ivnyiqibne atwUohiheiroilMtBcroflBedtliBi of the ea^ and 
their inclination to it The resnlt is, that, of these 98, 24 paased 
bettveen the sun and Mercury, 33 passed between Mercury and 
Venus, 21 between Venus and the Barth, 16 between the Earth 
and Mars, 3 between Mars and Ceres, and 1 between Geres and 
Jupiter : that 50 of these comets moved from east to west ; that 
their orbits were indined at every possible angle to that of the 
earth. The greater part of diem ascended above the orbit of 
the earth when veiy near the sun ; and some were observed to 
dash down from the upper r^ions of space, and, after turning 
round the sun, to mount again. 

What * th^ hone 1^22. Comets, in their revolution, describe 
of ike arifits of long narrow ovals. They approach very near 
comets f the sun in one of the ends of these ovals, and 

when they are in the opposite end of the orbit their distance 
from the sun is immensely great. 

1323. The extreme nearness of approach to the sun gives to 
a comet, when in perihelion, a swiftness t>f motion prodigiously 
great Newton calculated the velocity of the comet of 1680 to 
be 880,000 miles an hour. This comet was remarkable for its 
near approach to the sun, being no further than 580,000 miles 
from it, which is but little more than half the sun's diameter. 
Brydone calculated that the velocity of a comet which he ob- 

/ served at Palermo, in 1770, was at the rate of two millimia and 
ft half of miles in an hour. 

1324. The luminous stream, or tail, of a comet, follows it as 
it approaches the sun, and goes before it when the comet recedes 
from the sun. Newton, and some other astronomers, considered 
the tails of comets to be vapors, produced by the excessive heat 
of the sun. Others have supposed them to be caused by a re- 
pulsive influence of the sun. Of whatever substance they may 
be, it IS certain that it is very rare, because the stars may be 
distinctly seen throng it 

1825. The tails of comets differ very greatly in length, 



UTBOKOUY. 



aihI emiM an attended apparently t^ <m!y a amall tHoadj 
light, while the length of the tail of others ha« been esti- 
nmted at &om 60 to 80 millions of miles. 



The comet of 1680, obaerved by Newton. Ra^ditj of iU motion uomna 
tbe inn, a million of miles in sn Lour. 

L«ngUi of tell, 100 milliona of diUm Period, 600 7«iin. It hu nem 
relj^peued 

1326. It has been argued that oometa conust of very little 
solid substance, because, although they sometimes approach ver; 
■lear to the other heavenly bodies, they appear to exert no senu 
E>le attractive force upon those bodies. It is eaid that in 1454 
the moon was eclipsed by a comet. The comet, must, therefore, 
have been very near the earth (less than 240,000 miles) ; yet it 
produced no sensible effect on the earth or the moon ; for it did 
not cause Ihciu Ui luake any perceptible deviation fruui thdr 
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acaa>tam«d patlis nrand the bud. It haa been - uoerbuned tint 
oometa are digtnrbed by the gravitstiDg power of the planets; 
but it does not sppeu that the planets sre in like manner affected 
hj oonetB. 

Some oomets have exhibited the appearance of two or moR 
toilo, and Ibe great oomet of 1744 had six 
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1S27. Many comets escape observation because they trtrerwa 
tlwt part of the heavens only which is above the horizon in the 
day-time. They are, therefore, lost in the brilliancyof the snn, 
and can be seen only when a total eclipse of the snn takes place. 
Sen<Ma, 60 years before the Christian Era, states that a large 
comet Tvaa actually observed very near tbe bub, duriog an eolipee. 

1328. Dr. Halley, Professor Enckeand Gambart,arethefiirt 
astronomers that ever sDcceasfnily predicted the retoni of a 
comet. The periodical time of Halley's comet is airmt 76 years. 
It appeared last in the fall of 1835, aod presented different ap- 



Hallty'i somet, u »en b; Sit John Henshcl. Oot. »th, 183S. Very 
4liaagesbla In iU •pfsanDoa lint nsugniml bjBiUaj In IGSI. P- 
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y>M WM ftvm diffemt pointa of obMrnrtioo. Tlutt of BMfco 
il about 1200 dafB ; that of BieU; about 6} yean. TUb Urt 
aoaMtappeand in 18S2and in 1838. 

Tig. lU, 
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fd lESl. Period, 75 jna. 

1329. The comet of 1758, the return of which was predicted 
by Dr. Halley, was regarded with great interest by astronooien, 
becavte its return was predicted. ' But four rcTolutiouB before, 
in 1456, it was looked upon with the utmoat horror. Its long 
tail spread consternation over all Europe, already terrified by 
the rapid Buccess of the Turkish arms. Pope Callixtus, on this 
occasion, ordered a prayer, in which botli the oomet and the 
3\irics were inolnded in one snathema. Scarcely a year or a 
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■B^nik now jelapees wiilioat tlie appeftrtnoe of a Mmet in onr 
eyst^m. Bat it is now known that thej are bodies of sadi ex* 
treme rarity that oar cloads are massiTe in compari«m wiUi 
them. They have no more densnty than the air onder an ex- 
naosted receiver. Herschel saw stars -of the 6th magnitude 
through a thickness of 30,000 miles of cametic matter. The 
number of comets in existence within the compass of the solar 
system is stated by some astronomers as over seven mUlkms, 

1830. Fig. 194 represents Halley's comet, as seen by Sir John 
Herschel, while Fig. 195 represents the same comet as seen only 
a few days before by Strave. 

1331. Thb Comet of 1856. — The following interesting details in 
lelation to a comet expected in 1856 are given by Babinet, an em* 
inent French astronomer. It is translated from the Courier des 
Etats Unis, 

" This comet is one of the grandest of which historians make 
mention. Its period of revolution is about three hundred years. It 
was seen in the years. 104, 392, 683, 975, 1264, and the last time in 
1556. Astronomers agreed in predicting its return in 1848 ; but it 
failed to appear, and continues to shine still unseen by us. Already 
tiie observatories began to be alarmed for the fate of their beautiful 
wandering star, when a learned calculator of Middlebourg, M. 
Bomroe, reassured the astronomical world of the continued existence 
of the venerable and magnificent cornet. 

** Disquieted, as all other astronomers were, by the non-«rrival 
of the comet at the expected time, M. Bomme, aided by the prepar* 
alory labors of Mr. llind, has revised a// the calculations and esti* 
mated all the actions of a// the planets upon the comet for three 
hundred years of revolution. The result of this patient labor ^veo 
the airival of the comet in August, 1858, with an uncertainty of 
two years, more or less ; so that from 1856 to 1860 we may expect 
ibe great comet which was the cause of the abdication of the Em- 
peror Charles Y., in 1556. 

'* It is known that, partaking of the general superstition, which 
interpreted the appearance of a comet as the forerunner of some 
fatal event, Charles V. believed that this comet addressed its menaces 
particularly to him, as holding the first rank among sovereigns. The 
great and once wise but now wearied and shattered monarch, had 
been for some time the victim of cruel reverses. There were threat- 
ening indi<?ations in the political, if not in the physical horizon, of a 
still greater tempest to come. lie was loft to crv in despair, ' For^ 
tune abandons old men.' The appearance of the blazing star seemed 
to him an admonition from Heaven that he must cease to bo a sot- 
iveign if he would avoid a fatality from which one wjth)ut author 
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ity might be spared. It is known that the emperor enmved liv 

abdication but a little more than two years. 

** Another comet, which passed near us in 1835, and which haa 
appeared 26 times since the year 13 before the Christian £ra, baa 
been associated by the superstitious with many important eV^itfl 
which have occurred near the periods of its visitation. 

** In 1006, William the Conqueror landed in England at the head 
of a numerous army about the time that the comet appeared which 
now hears the name of Ualley's comet. The circumstance was 
regarded by the English as a prognostic of the victory of the N(M> 
mans. It infused universal terror into the minds of the people, and 
contributed not a little towards the submission of the country after 
the battle of IListings, as it hud served to discourage the soldiers 
of Harold before tlie combat. The comet is represented upon the 
famous tapestry of Bayeux, executed by Queen Matilda, the wife of 
the conqueror. 

** This celebrated tapestry is preserved in the ancient episcopal 
palace at Btiyeux. It represents the principal incidents, including 
the appearance of the comet, in the history of the conquest of Eng- 
land by William, Duke of Normandy. It is supposed to have been 
executed by Matilda, the conqueror s wife, or by the Empress Ma- 
tilda, daughter of lienry I. It consists of a linen web, 214 feet in 
length and 20 inches broad ; and is divided into 72 compartments, 
each having an inscription indicating its subject. The tigures are 
idl executed by the needle. 

** The same comet, in 1451, threw terror among the Turks under 
the command of Mahomet II., and into the ranks of the Christiana 
during the terrible battle of Belgrade, in which forty thousand Mus- 
sulmans perished. The comet is described by historians of the time 
as * immense, terrible, of enormous length, carrying in its train a 
tail which covered two celestial signs (00 degrees), and producing 
universal terror.' Judging from this portrait, comets have sinea- 
larly degenerated in our day. It will be remembered, how^over, that 
.in 1811 there appeared a comet of great brilliimcy, which inspired 
some superstitious fears. Since that epoch science has noted nearly 
80 comets; which, with few exceptions, were visible only by the aid 
of the telescope. Kepler, when asked how many comets he thought 
there were in the heavens, answered, ' As many as there are fish in 
the sea.' 

** Thanks to the progress of listronomical science, these singular 
stars are no longer objects of. terror. The theories of Newtcm, 
Halley, and their successors, have completely destroyed the imag- 
inary empire of comets. As respects their physical nature, it was 
for a long time believed that tney were composed of a compact 
centre, surrounded by a luminous atmosphere. On this subject the 
opinion of M. Babinet, who must be regarded as good authority on 
such questions, is as follows : * Comets cannot exercise any material 
influence upon our globe ; and the earth, should it traverse a comet 
in its entire breadth, wculd perceive it no more than if it should ceum 
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mosphere, and which could no more make its way through our air 
than the slightest puff of an ordinary bellows could make its way 
through an anvil.' It would be difficult to find a comparison mora 
reassuring."* 

What are the ^^^^' ^^ ™® FiXED Stabs. —The Fixed 
Fised Stars Stars are all supposed to be immensely large 
suj>posediobe? i^^^^ ^^ ^^^ ^^^^ ^^^^ shining by their 

own ligbt, which they dispense to systems of their own. 

Haw ore the 1383. They are classed by their apparent 
fijced stars magnitudes, those of the sixth magnitude being 
classified? ^.j^^ smallest that can be seen by the naked 

eye. Stars which can be seen only by means of the telescope 

* The Covet of 1853. — Mr. Hind, in a letter to the Ltmdon T^mm^ givef 
the following partionlftra with legard to the eomet which appeared doriaf 
the year now closing (1853): 

«< The comet which has heen so conspieuoas daring the last week was Ytrf 
farorablj seen here on Saturday, and again on Sunday evening. On the 
latter occasion, allowing for the proximity of the comet to the horlton, and 
the strong gloir of twilight, its nucleus was fully as bright as an arerags 
star of the first magnitude ; the tail extended about three degrees from tht 
bead. When vie wed in the comet-seeker, the nucleus appeared of a bright 
gold color, and about half the diameter of the planet Jupiter, which wai 
fining at the same time in the southern heavens, and could be readily com- 
pared with the comet. The tail proceeds directly from the head in a single 
stream, and not, as sometiibes remarked, in two branches. The distance of 
this body from the earth at 8 o'clock last evening, was 80,000,000 miles ; 
and hence it results, that the actual diameter of the bright nucleus was 
8000 miles, or about equal to that of the earth, while the tail had a real 
length of 4,500,000 miles, and a breadth of 250,000, which is ralber over the 
distance separating the moon from the earth. It is usual t'j assume that 
the intensity of a comet's light varies as the reciprocal of the products of 
the squares of the distance from the earth and sun; but the present one has 
undergone a far more rapid increase of brilliancy than would result from 
this hypothesis. The augmentation of light will go on till the 3rd of Sep- 
tember, and it will be worth while to look for the comet in the day-tim« 
about that date ; for this purpose an equatorially mounted telescope will 
be required. And I would suggest the addition of a light green or red glass, 
to take off the great glare of sunlight, the instrument being adjusted to a 
focus on the planet Venus. This comet-was discovered on the 10th of June, 
by Mr. Klinkenfues, of the Observatory at Gottingen, but was not bright 
enough to be seen wiUiout a telescope until about August 13. In a letter, 
•opied into the llmta a fhw days since. Sir William Hamilton hints at the 
possibility of this being the comet I had been expecting; but I avail myself 
of the present opportunity of stating that such is not the case, the elements 
* of the orbits having no resemblance. The comet referred to will probably 
reappear between the years 1858 and 1861 ; and, if the perihelion passage 
takes place during the summer months, we may expect to see a body of lar 
more imposing aspect than the one at present visible^" 
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»Te called telescopic stare. They, also, are classified ; 
the classes reaching even to the seventeenth or twentieth 
magnitude. - 

Bim many 1334. The number of the stars of the 

»tan are there fij-gt magnitude is about twenty-four ; of 
2^2^^^;;^ the second magnitude, fifty ; of the third, 
tude t two hundred. The number of the smallest, 

, visible without a telescope, is from twelve to fifteen 
thousand. 

How many of 1335. Within a few years the distances 
ikep^ stare of nine of the fixed stars have been calcu- 
A0M Aa<2 fe4«»r \^^^^ This distance is so immense, that 

nearly oMw- light, travelling with the inconceivable 
<■•"*'' velocity of • nearly two hundred thousand 

miles in a second of time, from SiHics^ is more than 
fourteen years in reaching the earth; from Arctums, 
more than twenty-five years ; and from theTPole Star, 
more than forty-eight years. 

1836. Tens of thousands of years must roll away before 
the most swiftly-flying of all the fixed stars can complete 
even a small fragment of its mighty orbit ; but such has 
been the advance of science, that if a star move so slowly 
as to require five millions of years to complete its revo- 
lution, its motion could be perceived in one year ; and in 
ten years its velocity can be computed, and its period will 
become known in the lifetime of a single observer. 

Who first di' 1337. The stars are the fixed points to 
vided the stars which we must refer in observations of the 
tiiLT^"" °^o^^o»s of all the heavenly bodies. Hence 

the stars were grouped in the earliest ages, 
(but by whom we know not), numbered and divided into 
constellations, the names of which have survived the (all of 
empires. 
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WkatpfiMblif , 1338. It is generally snpposed that parl^ 

^^^^ ihe ^ ^^^ ^^^' ^^ ^^^ difference in the apparent 
apparent nse magnitudes of the stars is owing to the dif- 
^the start f ference in their distance. 

1339. The distance of the stars, according to Sir J« 
Heischel, cannot be less than 19,200,000,000,000 miles. 
How much greater it really is, we know not, except in 
a few cases. 

1340. Although the stars generally appear fixed, they all have 
motion ; but their distance being so immensely great, a rapid mo- 
tion wonld not perceptibly change their relative situation in two or 
three thousand yearss Some have been noticed alternately to ap- 
pear and disappear. Severid that were -mentioned by ancient as- 
tronomers are not now to be seen ; and some are now observed 
whieh were unknown to the ancients. 

1841. Many stars which appear single to the naked eye, when 
riewed throjigh powerful telescopes, appear double, treble, and even 
quadruple. Some are subject to variation in th^r apparent magni- 
tudo, at one time being of the second or third, and at another of 
the fifth or si^th magnitude. 

What u the 1342. The Galaxy, or Milky Way, is a 

Galaxy f remarkably light, broad zone, visible in 

the heavens, passing from liorth-east to sonth-west It 
is inown to consist of an immense number of stars, 
which, from their apparent nearness, cannot be distin- 
guished from each other by the naked eye. 

1343. Sir Wm. Herschel saw, in the course of a quarter of an 
hoiar, the astonishing number of 116,000 stars pass through the 
fidd of his telescope, while it was directed to the milky way. 

1344. The ancients, in reducing astronomy to a sci- 
ence, formed the stars into dtisterSy or consteUatums^ to 
which tiiey gave particulaf names. 

1845. The number of constellations among the ancients 
was about 50. The modems have added about 50 more.- 

1846. Oar observations of the stars and nebulss are confined 
principally to those of the northern hemisphere. Of the ooii^tella- 
ilous near the f<outh pole we kiow but little. 
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What ejgect - 1847. In determining the true place rf ang 



i^ertonAe^ of tlie Celestial bodies, the refractive power of 

teiigihofthe ^e atmosphere must always be taken into 

^y- consideration. This properly of the atmo* 

sphere adds to the length of the days, by causing the son 

to appear before it has actually risen, and by detaining its 

appearance after it has actually set. 

1348. On a celestial globe, the largest star in each constellatioB 
is nsaally designated by the first letter of the Greek alphabet, and 
the next lareest by the second, &c. When the Greek alphabet is 
axhausted, the English alphabet, and then numbers, are used. 

j^ ^^ 1849. The stars, and other heavenly bodies, 
sian never are never seen in their true situation, because 
Men in thdr ^ ^j^^ motion of light is progressive ; and, daring 

the time that light is coming to the earth, 
the earth ii^ constantly in motion. In order, therefore, ta 
gee a star, the telescope must be turned somewhat before 
the star, and in the direction in which the earth moves. 

Whatismeani '^^^' Hence, a ray of light passing throu^ 
iytheaberra- the centre of the telescope to the observer'a 
tion of light f ^^^ ^^^ ^^^ coincide with a direct line from 

his eye to the star, but makes an angle with it ; and this is 
termed the aberration of light. 

What is the 1351. The daily rotation of the earth on its 

Polar Star? ^^^ causes the whole sphere of the fixed 
stars, &c., to appear to move round the earth every twenty- 
four hours from east to west. To the inhabitants of the 
northern hemisphere, the immovable point on which the 
whole seems to turn is the Pole Star, To the inhabitants 
of the southern hemisphere there is another and a cor- 
responding point in the heavens. 

What is the 1 352. Certain of the stars surrounding the 

drdeofper- north pole never set to us. These are in- 
^rn om/^' cluded iu a circle parallel with the equatOTi 
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perpetual oc- and in ^verj part equally distant from the 
cuUatiim? north pole star. This circle is called the 
circle of pet-petudl apparitiofi. Others never rise to us. 
These are included in a circle equally distant from the 
south pole ; and this is called the circle of perpetual oc- 
cultation. Some of the constellations of the southern 
hemisphiere are represented as inimitably beautiful, par- 
ticularly the crass. 

What is par- 1353. The parallax of a heavenly body 
aUaxf is the angular distance between the true 

and the apparent situation of the body. 

Describe 1354. In Fig. 196, A G B represents the earth, 
Fig. 196. and the moon. To a spectator at A, the moon 

Ilg.i08b n 




B 

would appear at F; while to another, at B, the moon would 
appear at D ; but, to a third spectator, at G, the centre of the 
earth, the moon would appear at E, which is the true situation. 
The distance from F to E is the parallax of the moon when 
viewed from A, and the distance from E to D is the parallax 
when viewed from B. 

1355. From this it appears that the situation of the heavenly 
bodies must always be calculated from the centre of the earth ; 
and the observer must always know the distance between the 
place of his observation and the centre of the earth, in order to 
make the necessary calculations to determine the true situation 
of the body. Allowance, also, must be made for the refraction 
of the atmosphere. 

88 
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Deterihe the 1356. Of THE Moon. — ^The Moon is a 
Moon, secondary planet, revolving about the earth 

in about twenty-seven days, seven hours. Its distance 
from tlie earth is about 240,000 miles. It turns on its 
axis in precisely the same time that it perfoiTOS its rev- 
olution about the eartli. Consequently it always pre- 
sents tlie same side to the earth; and as its apparent 
diameter in different parts of its' orbit is different, it fol- 
lows that it must be sometimes nearer to the earth than 
at otliers. 

1357. The surface of the moon appears to be volcanic and 
very mountainous. Occasional volcanoes have been seen in 
action on the dark side. No heat has been detected in the 
moon's rays, even when most powerfully concentrated, that will 
affect the most delicate thermometer ; and hence it has been in- 
ferred that the heat is absorbed in traversing the upper regions 
of our atmosphere. 
What is one of the 1358. One of the most common errors 

most common errors ^ith regard to the moon is that which as- 
voith regard to the .i /^ ., . /, ., , 

moon and how has <^ihe9 to it an mfluence over the weather. 

it been proved an Tables of the weather have been compared 
*^^ • wit|j the lunar phases for a period of a hun- 

dred years, and over a thousand lunations, daring which time 
about 491 new or full moons have been attended by a diange 
of the weather, and 509. have not. 

1359. The moon is equally innocent of putrefaction, notwith- 
standing the popular belief that it hastens that process, especially 
In fish. The same cause which produces dew caiises moisture 
on substances exposed to it, and this moisture is the real cause 
of putrefaction. 

1360. Dr. Olbers, of Bremen, by a comparison of a great 
number of cases, arrived at the conclusion that the moon has no 
efiect on insanity ; although the popular belief is that the 6ts 
are aggravated or afiected by the lunar phases. 



ASTRONOMY. 387 

WTiatisthe 1361. He force of gravity at the sur- 

density of ths face of the mdon is about one-fifth that of 

moon compared ,, ., r . i i , 

v)ith that of the t"® ^^^^ ; hence ten pounds on the earth 
earth? will be equal to two on the moon. The 

days and nights on the moon are each equal to fourteen 
of our days. The axis of the moon is perpendicular to 
its orbit, and therefore the moon can have no variety of 
seasons. The moon likewise has no 'atmosphere, and 
therefore it cannot be inhabited ; for there can be no 
vegetation, no clouds, no ocean, no liquids, no light in 
dwellings, no twilight ; in short, nothing that could fit 
it for the habitation of any order of beings with which 
we are acquainted. 

1362. In connexion with what has now been stated with regard 
to the moon and its volcanic appearances, it will be proper to notice 
the subject of aerolites, or meteoric stones ; because, according to the 
opinion of some, they are of lunar 6rigin. Three theories have 
been broached with regard to them : Ist, that they are formed in 
the air, from materials existing there in a sublimated state ; 2d, 
that they are parts of an exploded planet ; 3d, that they are thrown 
from the volcanoes in the moon. 

To the first of these theories there is a material objection in the 
fact that gases, when in contact, must mix, and gases necessary to 
form these substances cannot, therefore, remain in the air unmixed. 

To the second hypothesis it may be objected, that if they were 
parts of a broken planet they would probably be composed or more 
heterogeneous materials. But it is well known that all of them 
are composed of the same constituent parts, namely, sulphur, mag- 
nesia, manganese, iron, nickel, chromium, and, in one recorded 
instance only, charcoal. 

In favor of the third supposition, which refers them to a lunar 
origin, it may be remarked that a body thrown seventy miles from the 
moon would escape from the moon's attraction ; and that a velocity 
six times greater than that of a cannon-ball would be sufQcient to 
throw a body beyond the moon's attraction. As terrestrial volcanoes 
have thrown bodies with this velocity, it is not improbable that 
lunar volcanoes may do the same. 

What is the 1363. The most obvious fact in relation to 

most obvious ^YiQ moon is that its disc is constantly changing 

fact tn reltb^ . . , 

lion to tlie its appearance : sometimes only a semi-circular 
^"^^ ^ edge being illuminated, while the r^st is dark ; 
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at another time, the whole sarface appearing resple^tdent 
This is caused by the relative position of the moon with 
regard to the sun and the earth. The moon is an opaque 
bodj, &nd shines only by the light of the sun. When, 
therefore, the moon is between the earth and the sun, it 
presents its dark side to the earth ; while the side presented 
to the sun, and on which the sun shines, is invisible to the 
earth. But when the earth is between the sun and the 
moon, the illuminated side of the moon is visible at the 
earth. 

Describe 1364. In Fig. 197, let S be the sun, £ the earth, 
Fig. 197. and A B G D the moon in different parts of her 

Kg. MT. 







orbit. When the moon is at A, its dark side will be towards 
the earth, its illuminated part being always towards the sun. 
Hence the moon will appear to us as represented at a. Bat 
when it has advanced in its orbit to B, a "small part of its | 
illuminated side coming in sight, it appears as represented at b, 
and is said to be homed. When it arrives at C, one-half its 
' illuminated side is visible, and it appears as at c. At C, and 
in the opposite point o^ its orbit, the moon is said to be in quad' 
rature. At D its appearance is as represented at d, and it is 
said to be gibbous. At E all the illuminated side is towardi 
us, and we have a full moon. During the other half of itf 
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re¥olatioii, less and less of its illominated side is seen, till it 
again becomes invisible at A. 

What is the 1365. The mean difference in the rising of the 

mean differ- moon, caused by its dailj motion, is a little less 
rising of the *^° ^^ hour. But, on account of the different 
rrwon from day angles formed with the horizon by different parts 
to day . ^f ijjg ecliptic, it happens that for six or eight 

nights near the full moons of September and October the moon 
rises nearly as soon as the sun is set. As this is a great con- 
venience to the husbandkian and the hunter, in- 
h^i^ *ff"^^ asmuch as it affords them light to continue their 
and the Hunt' occupation, and,, as it were, lengthens out their 
er^s Moon^ and ^j^ the first is called the harvest moon, and the 
^accurf^ second the hunter* a moon. These moons are 

' always most beneficial when the moon's ascending 

node is in or near Aries. 

1366. The following signs are used in our common almanacs 
to denote the different positions and phases of the moon. ^ or 
J} denote the moon in the Jirst quadrature, that is, the quad- 
rature between change and full ; C or C denotes the moon in 
the last quadrature, that is, the quadrature between full and 
change! # denotes new moon ; O denotes full moon. 

1367. When viewed through a telescope, the surface of the 
moon appears wonderfully diversified. Large dark spots, sup- 
posed to be excavations, or valleys, are visible to the eye ; 
some parts also appear more lucid than the general surface 
These are ascertained to be mountains, by the shadows which 
they cast. Maps of the moon's surface have been drawn, on 
which most of these valleys and mountains are delineated, and 
names are given to them. Some of these excavations are 
thought to be four miles deep, and forty wide. A high ridge . 
generally surrounds them, and often a mountain rises in the 
centre. These inmiense depressions probably very much re- 
ifemble what would be the appearance of the earth at the muon , 

83* 
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eqaallj felt in all places, owing to the indentations of tbe ooasti 
the obtnictions of islands, continents, &c., which preycnt the 
free motion of the waters. In narrow rivers the tides are fre- 
quently very high and sadden, from the resistance afforded by 
their banks to the free ingress of the water, whence what would 
otherwise be a tide, becomes an accumulation. It has been con- 
stantly observed, that the spring tides happen at the new and 
full moon, and the neap tides at the quarters. This circum 
stance is sufficient in itself to prove the connexion between the 
influence of the moon and the tides. 

1872. An Eclipse is a total or partial ob- 
EcHpsef Bcuration of one heavenly body by the interven- 
tion of another. 

The situation of the earth with regard to the 

ecHvse of the ^^^^ ^^ rather of the moon with regard to the 
sun or of the earth, occasions eclipses both of the sun and 
moon take place? ^^j^^ rpj^^g^ ^,f |.jj^ g^m l^j^^ pl^^ when' the 

moon, passing between the sun and earth, intercepts his raySi 
Those of the moon take place when the earth, coming between 
the sun and moon, deprives the moon of his light Hence, an 
eclipse of the sun can take place only when the moon changes, 
and an eclipse of the moon only when the moon fulls; for, at 
the time of an edipse, either of the sun or the moon, the am 
earthy and moon^ must he in the same straight line. 

If the moon revolved around the earth in the 
not an^lipse J ^ame plane in which the earth revolves around 
every new and the sun, that is, in the ecliptic, it is plain that 
full moon. ^^ g^jj^ would be eclipsed at every new moon, 

and the moon would be eclipsed at every full. For, at each of 
these times, these three bodies would be in the same strai^i 
line. But the moon's orbit does not coincide Vith the ediptio, 
' but is inclined to it at an angle of about 5* 2(K. Hence, since 
the apparent diameter of the sun is but about j- a d<^ee, and 
that of the moon about the same, no eclipse will take place at 
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ne^ or full moon, unless the moon be within ^ a d^.iee of th« 
ec]i]>tic, that is, in or near one of its nodes. It is found that 
if the moon be within 16^° of a node at time of change, it wiij 
be so near the ecliptic, that the sun will be more or l<f« 
eclipsed ; if within 12° at time of full, the moon. will be more 
or less eclipsed. 

Why are there 137?. It is obvious that the moon will b« 
m^^re eclipses of oftener within 16^° at the time of new moon, 

i^'Tj^Z'^'C ^an w'thin 12° at the time of full; conse- 
the moan %n a * 

given course of quentJy, there will be more eclipses of the sun 
years f than of the moon in a course of years. As th« 

nodes commonly come betwjeen the sun and earth but twice in 
a year, and the moon's orbit contains 360°, of whidi 16^°, the 
lifnit of solar eclipses, and 12°, the limit of lunar eclipses, are 
but small portions, it is plain there must be many new and full 
moons without any eclipses. 

Althou^ there are more eclipses of the sao 
^i2nn Fig. ^^^ ^f ^^ne moon, jet more eclipses of the 

moon will be visible at a particular place, as 
Boston^ in a course of years, than of the sun. Since the son is 
yerj much larger than either the earth or moon, the shadow of 

fig. 200. 




these bodies must always terminate in a point; that is, it must 
always be a cone. In Fig. 200, let S be the sun, m the moon* 
and E the earth. The sun constantly illuminates half the earth's 
surface, that is, a hemisphere ; and consequently it is visible to 
all in this hemisphere. But the moon's shadow falls upon a 
part only of this hemisphere; and hence the sun appears 
eclipsed to a part only of those to whom it is visible. Some- 
times, when the moon is at its greatest distance, its shadoWi O 
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m, terminates before it reaches the earth. In eclipses of thii 
kind, to an iohitbttant directly unde; the point- O, tJie outermost 
edge of the sun's disc is seen, fonniog a bright ring around ib« 
moon ; from which circumstaace these eclipses are called anrm- 
lar, from aimulus, a Latin word for ring. 

Besides the dark sbadow of the moon, m 0, in which all the 
liglit of the Bun ia intercepted (in wtioh case the eclipse is 
called totai), thcce is another shadow, r G B S, distinct frcm 
the former, which is called the penumbra. Withiu this, onlj a 
part of the sun's mjs are intercepted, and the eclipse is caileJ 
partial. If a person could pass, during an eclipse of the sun, 
from O to D, immediatelj on emerging from the dark shidoir, 
O m, he would see a small part of the sun ; and would con- 
tinually see more and more till he arrived at D, where all 
shadow would cease, and the whole sun's disc be risible. Ap 
pearaeces would be similar if he went from O to C. Hence 
the penumbra is less and less dark [because a less portion of 
the sun is eclipsed), in proportion as the spectator is more re- 
mote from 0, and nearer C or D. Though the penumbra be 
continually increasing in diameter, according fo its length, or 
the distance of the moon from the earth, still, under the mo;t \ 
favorable circumstances, it falls on but about half of the iilu- 
minatod hemisphere of the earth. Hence, by half the inhab 
itaota on this hemisphere, no eclipse will be seen. 

1374. Pig. 201 represents an eclipse of the 
E|^/«n Fig. ^,Qp^_ ^jjg j^g^^^ ^^^ ^^^^ g^jgj.^ ^^^ ^^^^.^ 

shadow at x, it is deprived of the Bun's light, 



and is eclipsed to all in tha unilluminated hemisphere of the 
earth. Hence, eclipses of the moon are visible to at least twice 
as many inhabitants as those of the sun can be ; generally the 
proportion is much greater. Thus, the inhabitants at a par- 
ticular place, as Boston, see moj^e eclipses of the moon than of 
the sun. 

The reason why a lunar eclipse is visible to all to whom 
the moon at the time is visible, and a solar pne is not so to all to 
whom the sun at the time is visible, may be seen from the 
nature of these eclipses. We speak of the sun's being eclipsed ; 
but, properly, it is the earth which is eclipsed. No change 
takes place in the sun ; if there were, it would be seen by all 
to whom the sun is visible. The sun continues to diffuse its 
beams as freely and uniformly at such times as at others. But 
these beams are intercepted, and the earth is eclipsed only 
where the moon*s shadow falls, that is, on only a part of a 
h^nisphere. In eclipses of the moon, that body ceases to 
receive light from the sun, and, consequently, ceases to reflect 
it to the earth. The moon undergoes a change in its appear- 
ance ; and, consequently, this change is visible at the same time 
to all to whom the moon is visible ; that is, to a whole hemis- 
phere of the earth. 

1375. The earth's shadow (like that of the moon) is encom- 
passed by a penumbra, C R S D, which is faint at the edges 
towards R and • S, but becomes darker towards F and G. The 
shadow of the earth is but little darker than the region of the 
penumbra next to it. Hence it is very difficult to determine 
the exact time when the moon passes from the penumbra into 
the shadow, and from the shadow into the penumbra ; that is, 
when the eclipse begins and ends. But the beginning and end- 
ing of a solar eclipse may be determined almost instantaneously. 

1376. The diameters of the sun and moon 
hi disUs oTap- *^® supposed to be divided into twelve equal 
flied to eclipses parts, called digits. These bodies are said to 
of the sun and j^g^y^ ^^ many digits eclipsed as there are of 
ofthemoon? i • i a • i i 

those parts uvolved m darkness 
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1877. There nmst be an edipee of the sun as often, at least, 
as the moon, being near one of its nodes, oomes between the 
ran and the earth. 

Hie greatest number of both solar and lunar eclipses that can 
take place during the year is seyen. The usual number is four, 
two solar and two lunar. 

1378. A total eclipse of the sun is a very remarkable phe- 
nomenon. 

Jane 16, 1806, a very remarkable total eclipse took plaoe at 
Boston. The day was clear, and nothing occurred to prevent accu- 
rate observation of this interesting phenomenon. Several stars were 
visible ; the birds were greatly agitated ; a gloom spread over the 
landscape, and an indescribable sensation of fear or dread pervaded 
the breasts of those who gave themselves up to the simple eflects of the 
phenomenon, without having their attention diverted by efforts of 
obaervation. The first gleam of light, contrasted with the previous 
darkness, seemed like the usual meridian day, and gave indescribable 
life and joy to the whole creation. A total eclipse of the sun csn 
last but little more than three minutes. An annular eclipse of the 
sun is still more rare than a total one. 

. 1379. Op Time. — ^When time is calcu- 

fertnce between ^^^ ^7 ^^® ^^^7 ^^ ^^ called Bolar time, and 
the solar arul the the year a solar year ; but when it is calcn- 
^^' lated by the stars, it is called sidereal time, 
and the year a sidereal year. The sidereal year is 20 min- 
utes and 24 seconds longer than the solar year. 

1880. The solar year consists of 365 
longer, a solar ^7^, 6 hours, 48 ^inutes, and 48 seconds ; 
or a sidereal but our common reckoning gives 865 days 
l^^mwhf ^ only to the year. As the difference amounts 

to nearly a quarter of a day every year, it 
is usual every fourth year to add a day. Every fourth 
year the Romans reckoned the 6ih of the calends of 
March J and the following day as ofie day ; which, on 
that account, they called bissextile, or twice the 6th day; 
whenoe we derive the name of bissextile for the leap year, 
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in whict we gire to February, for the same reason, 29 
days every fourth year. 

1381. A solar year is measured from the time the earth 
sets out from a particular point in the ecliptic, as an equi- 
nox, or solstice, until it returns to the same point again. 
A sidereal year is measured by the time that the earth 
takes in maiing an entire revolution in its orbit; or, in 
other words, from the time that the sun takes to return into 
conjuction with any fixed star. 

Whqiisthepre^ 1^82. Every equinox occurs at a point, 
cession of the 50" of a deg. of the great circle, preceding 
equinoxes ? ^Yiq place of the equinox, 12 months before ; 

and this is called the precession of the equinoxes. It is 
this circumstance which has catfsed the change in the situ- 
ation of the signs of the zodiac, of which mention has 
already been made. 

1383. The earth's diurnal motion on an inclined axis, 
together with its annual revolution in an elliptic orbit, 
occasions so much complication in its motion as to pro- 
duce many irregularities; therefore, true equal time 
cannot be measured by the sun. A clock which is 
always perfectly coiTect will, in some parts of the year, 
be before the sun, and in other parts after it. There are 

im js *\ but four periods in which the sun. and a 
When do the /. f , .n rm. xt_ 

mn, and clock perfect clock Will agree. Inese are tne 
<^'r^^ 15th of April, the 15th of June, the 1st of 

. September, and the 24:th of December. 

What is the 1384. The greatest diflTerence between 
greatest dif true and apparent time amounts to between 
/fer«n<j«j d«- sixteen and seventeen minutes. Tables of 

tween true • , :% t* t i» 

and apparent equation are constructed for the purpose of 

^^^ ' pointing out and correcting these differences 
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between solar time and eqnal or mean time, the denomina- 
tion given by astronomers to true time. 

1385. As it maj be interesting to those who have access to a 
celestial globe to know how to find any particular star or con- 
stellation, the following directions are subjoined. 

There is always to be seen, on a clear night, a beautiftil clna- 
ter of seven brilliant stars, which belong to the constellation 
*^ Ursa Mt^or^^* or the Great Bear. Some have supposed that 
they will aptly represent a plough ; others say that they are 
more like a wagon and horses, the four stars representing the 
body of the wagon, and the other three the horses. Hence 
ihey are called by some the plough, and by others .they are 
called Charles* vm% or toagon. 

Fig. 202 represents these seven stars ; 
ab d g represent the four, and e z'R 
the other three stars. Perhaps they 
may more properly be called a large 
dipper, of which e r B represent the 
handle. If a line be drawn through the 
stars h and a, and carried upwards, it 
will pass a little to the left, and nearly 
touch a star represented in the figure by 
P. This is the polar star, or the north 
pole star ; and the sUurs 3 and a, which 4* 
appear to point to it, are called the pointers, because they 
appear to point to the polar star. 

The polar star shines with a steady and rather dead kind of 

light. It always appears in the same position, and the north 

pole of the earth always points to it a^ oZZ seasons of the year. 

The other stars seem to move round it as a centre. As thb 

Star is always in the north, the cardinal points may at any time 

be found by starlight. 

By these stars we can also find any other star or constella- 
tion. 

Thus, if we conceive a line drawn from the star z, leaving B 
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a little to the left, it will pass through the very brilliant star A, 
By looking on a celestial globe for the star z, and supposing 
the line drawn on the globe, as we conceiye it done on the 
heavens, we shall find the star and its name, which is Arcturus. 

Conceiving another line drawn through g and b, and ex- 
tended some distance to the right, it will pass just above another 
very brilliant star. On referring to the globe we find it to be 
CapeUa, or the goat. 

In this manner the student may beccme acquainted with the 
appearance of the whole heavens. 
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blaDce between ••••••• 302 

Electrioitv, animal 282 

*' by induction . • • • 2t>6 

«< circuit of 205 

Kleetricity as excited by galvan- • 
ism and by friction, difference 

between . • 283 

Electricity by transfer 2U6 

filectricUy, eifects of similar 

states <l 263 

Electricity, frictional . . . 282, 283 
Electricity, frictional and chemi- 
cal, iiow they diifer 294 

Electricity, galvanic, quantity of.2tf5 

•• uatura of 259 

Eleetrioity, quantity of excited by 

chemical action .... 284 note 
Electricity, simplest mode of ex- 
citing 262 

Sleetricity, the vitreous or posi- 
tive, the resinous or negative • 262 
Electricity, three states of • • .335 
« voltoio . • . . • .283 

Eleetrios 258, 260 

Electric telegraph, history of the 329 

Eiectro-magnet • . 317 

Electro-magnet, communication 
of mftgnetism to steel by means 

of 318 

Electro-magnetic multiplier • .313 
Klectro-magnetism . . 17, 260, 3U8 
Sleoto-magnet, the U or horse- 
shoe 319 

Electro-magnetism, definition of . 18 
Klectro-magnetism, discoveries of 
<Kr8ted, Faraday, Ampere, Ara- 
gto, and Sir U. Davy . . 308, 309 
Electro-magnetism, tacts of . • 309 
Eleotro-magnetio induction • .312 
Electro-magnetic rotation • 313^ 316 

note 
Sleetro-magnetio telegraph, sig- 
nal-key and registering appa- 
ratus of the 322 

Electro-magnet of Prof. Henry 

and Dr. Ten Eyck 317 

Electro-magnetic telegraph • .319 
Eleetro-magnetie telegraph, how 

pat into operation 324 

Sleetro-melaUurgy • • • • • .831 

Elaoftrometer 268 

l^lMtivplimrttl 269 



E|eotro-pla8ii« praatn tSt 

Electro plating and gilding • • • 331 

Electroscope 269 

Electrotype process •..••• 231 
Elemeptary substances, enumera- 
tion pf 20 

Elements, the four • 19 

Ellipse .341 

Elocution, Barber*s Grammar of . 180 
** Employ,'* common meaning of • 9S 

Endosiiiose 27, 112 

Engineer, how enabled to direct 
his guns ......••.•6ft 

Engine, the fire ....,••• 164 

" the steam 196 

Equilibrium 74, 7ft 

" , of fluids 110 

Equilibrium of fluids, exemplified 

by means of the siphon • • • 182 
Equilibrium of fluids, how disturb- 
ed by waves 131 

Equilibrium of fluids of diflTerent 

densities 112 

Equilibrium of meroury, water, 

. oil, air, Ao 112 

Equinoxes 258 

«« precession of the . • .297 
Equivalent, mechanical • . • • 68 
Erect, why objecU are seen . • •241 

Erbium ••••• 20 

Escapement-wheel ...•.• 104 
Essential property, meaning of . 21 
Essential properties of matter • 21 

Eunomia ••••• 338 

Evaporation, Dr. Watson's exper- 
iment • • • . • IftO 

Eye 237 

•* a camera obsoura 240 

«< different parts of |ho . . • 237 

%e-glas8 248 

Eye, imperfections of^ how eansed 242 
** of what composed . • • • • 237 
Eyes, two, why they do not eause 

double vision . • 241 

Exercises for solution • • • • • 63 

Exhausting syringe •••••• 163 

Exosmose •••••••• 27, 112 

ExpansibiUty 27,29 

Expansion, how It differs from 

dilatation 29 

Experiments showing inertia of 

air 16ft 

Extension •••••••• 21,23 

V. 
EtOtfmhdt't ttaBMMtor . • UB 
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Mllng bodies, law of II 

F^rMJUy, announoemant of in re- 

Utiuo iu solar spots and mag> 

netio variation 304 

Fiaradaj's diaOoreries in electro- 

magaetisin 308 

Faradaj*s electro-iteagnet^o appa- 

raitts ■•••••••••• 919 

Faraday's nomenelature of eleo- 

trioitjr 259 

Febraary, why 29 days erery 

fourth year 397 

Feldspar 21 

Fire-aiarm, the eleetrioal . . • 330 

Fire, as an element 19 

Fire-engine 154 

Filth 184 

'* how prodaced 182 

Figure 21, 23 

Fi^nes, how they swim, rise or 

sink, Ao 47 

Fixed pulley, mechanical advan- 

Ugeuf 87 

Fixed pulley, operation of the . 87 
Flavio de Melfi, inventor of mari- 

nor's compass 306 

Flexibility 27, 31 

Float, huw heavy bodies can be 

made to 38 

Ftoat-boards of water-wheels . . 82 

Flora 339 

Florence, experiment made at on 

impenetrability of water . 22, 109 
Fluid and solid bodies,' difference 

between 108 

Fluid, definition of 108 

Fluidity of air 142,165 

** what constitutes . . .108 

Fluid pressure, law of 115 

Fluids, aeriform 138 

Fluids, aeriform, expanded and 

compressed without limit . . 139 
Fluids and liquids, how dififerent 109 
Fluids, effects of their peculiar 

gravitation 113 

Fluids, equilibrium of . . . 122, 133 
Fluids, downward pressure of, 

how shown 114 

Fluids, gravitation of 110 

** how different from liquids 109 

** how they gravitate . . . 113 

*• lateral pressure of . 114, 116 

117 
FlnkU level or equilibrium of .110 

•• mechanical agency of . . 138 
Vlnids of different densities, grav- 
itation or* . . .• 112 



Fluids, particles of, how arraoged 114 
** pressure of ...••. 114 
Fluids, pressure of, according to 

height 119,110 

Fluids, pressure of, on what de- 
pendent 118 

Fluids, pressure of, to what pro- 
portional 115 

Fluids, surface of 110 

Fluids, upward pressure of . 114, 117 
Fluids, why unsusceptible of form- 
ation into figures ...... 110 

Fluorine 20 

Fly 143 

Flying of birds, how effected • « 47 

Fly-wheels 81 

Fly-wheels and the dead points of 

cranks 81 

Fly-wheel in the steam-engine . 203 
Focus of concave mirrors . • . 224 
Fog and dew, difference between 150 

Fug, how produced 150 

Force 41 

Forces, at an angle . . • . • 66 
« effects of . . . . 65 

*< three or more in action . 57 
•< unequal at right angles . 56 

Forcing-pump 153 

Formulse 44 

Fortuoa 339 

Fountain, glass and Jet .... 159 

Fountain, Uero's 138 

Fountains, artificial, how con- 
structed . • . • . 137 

Fountains, how formed . . . ,137 

Fourth 184 

Fowling-piocos, length of . . . G3 
Franklin, inventor of lightning- 
rods 281 

Free heat 187 

Frictional electricity . . . 259, 283 

Friction 90 note, 98 

" cauite of 99 

*' how diminished .... 99 

** how increased 99 

<* loss of power caused by • 99 
** important uses of . . • lOO 
Friction of the beds and banks of 

rivers 130 

Friction, particles of fluids desti- 
tute of 108 

Fi-iction-wheels 99 

Fuel, combustion of 24 

Fulcrum . . • 70, 71, 72 

'* generally a pin or a rivet 76 
Fulcrum iu levers of dlffereut 
kinds . '. 7^ 
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Valemm of steelyarda 74 ' 

Falton, Robert 200 

Fundamental law of meohanios . 71 
Fusee of a watch 107 

a. 

Galaxy 883 

^lUeo 10»;143, 337 

Galileo's experiment at Pisa to 

prove his law of falling bodies 62 
Galileo's law of falling bodies . 62 
Galyanio action, three elements 

necessary for 286 

GalTanio batteries 287 

« battery 289 

" circle 286 

Galraaio circle, effects of, how in- 
creased 287 

Galvanic circle, essential parts of 

a 286 

Galvanic circle, simplest, of what 

composed 286 

Galranic electricity 269 

Galvaaio electricity, process for 

obtaining 286 

Galvanic fluid, how excited . . 284 
** piles ........ 287 

Galvanism 17,18,283 

** facts explained by • . 296 
Galvano-plastic i»:ocess .... 331 

Galvanotype 331 

Garments, light-colored why cool 191 
*< linen, why cool • . . 189 
Garments, to what they owe their 

strength 100 

Garments, woollen, why warm . 189 

Garnet 21 

Ckweous bodies, elasticity of . . 30 
Gaseous bodies, to what degree 

they may be dilated 29 

Gases 139 

Gases, how prevented from rising 

ttom a fluid 168 

Qtkj Lussac's experiments on the 

velocity of sound 176 

Gearing ' 83 

Geology 62 

€(eorgium Sidas 369 

Gibbous 388 

Gluoinum 20 

Gold 20 

Gold, both ductile and malleable 31 

•« divisibiUty of 23 

Gold, the most malleable of all 

aietali ••••••••;•• 81 

Gtaft* its britUenesi 32 

80 



Glass, the bladder '. . 169 

" the fountain and Jet ... .169 

« the hand 158 

'< the India-rubber .... 159 
Glass, why easily cracked when 

suddenly heated ....'.. 192 
Glass, why used in mirrors . . . 221 

Governor 106, 200 

Governor applied to steam-engine 

by James Watt 106, 203 

Governor, explanation of the . . 106 

<* uses of the 106 

Grain of hammered gold .... 23 
Grand law of nature .... 69 note 

Granite . 20 

Gravitation, attraction of • . . 27 
« of fluids . . .110,112 

Gravity 25, 33 

Gravity causes pressure of fluids 

upwards as well as downwards. 117 
Gravity, centre of . . . .37, 59, 66 
Gravity, effect of on density of air 38 
Gravity, effects of on different 

bodies 41 

Gravity, force of, not i^ected by 

projection 64 

Gravity, force of on projectiles . 62 
" " where greatest 35 
'* how it increases and de- 
creases ... 35 

Gravity, law of terrestrial ... 36 
Gravity, specific . . . 40, 126 note 
Gravity, specific, scales for ascer- 
taining • • 126 

Gravity, specific, standard of . . 123 
'< terrestrial ...••. 34 

Great Bear 398 

Green sand • • 21 

Gregorian telescope ...... 250 

Gridiron pendulums 103 

Grove's battery 293 

Gudgeons 80 

Guerioke, Otto 158 

Guinea and feather drop .... 166 
Gunnery, science of . .... 62 

Gunpowder, force of 63 

Gunpowder, great charges of use-' 

less and dangerous 63 

Guns, how tested . 63 

Guns, short ones, why preferable 63 

Gun, the air 164 

Gymnotus electricus 282 

H. 

Hail, how formed . . .'• • 124,160 
'* bow it differs from mow . 124 
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BiUr-ipring .104 

Ball, dapUin fiafU 146 

HaU«7*i oomet aa B«an hj Sir 

JohnHenohal 379 

Haad-glaM 158 

Haodlea of tea-pots, &o., why of 

wood 190 

Har6*a oalorimotor 297 

Hannonj • • « 181 

'* how prodaoed .... 183 
fiarmony, aoienoe of, on what 

founded 182 

Harrest-moon S89 

Haat aeoompaniea all great chang- 
ei in bodies ........ 110 

Heat, application of its expansiye 
power as a mochanioal agent . 193 

Heat and oold 187 

** conductors of 189 

*■ eSeots of . 188 

«< effects of on bodies . . 185, 188 
Heat, effects of on density of sub- 
stances 192 

Heat, effects of on water . . 186,194 

Heat, free 187 

•< first law of 189 

«« imperfect conductors of • 190 
*« its effects on a body . . .141 
'< most obTiona effects of . • 193 

** how propagated 190 

•< Utent 187 

*< law of the reflection of . • 191 

*< laws of 186 

*< nature of 185 

•< of the sun 188 

Heat produced by electrical ac- 
tion 188 

Heat, sources of • • 187 

Hearing trumpets 178 

HeaveiSy bodies, motion of the 

when the most rapid 350 

Heavenly bodies, why not seen in ' 

their true place 232 

Hearens, why bright in the day- 
time . 218 

Hebe 339 

Height of a building, how esti- 
mated .53 

Height to which a body projected 

upward will rise 64 

Heliacal ring 318 

Heliography •••..••.• 257 

Helix 316 

Henry's and Dr. Xen Eyck's elec 

tro-magnet 317 

.Ktro'a fountAin }^ 



Heraohal sees atan tihroai^ * 

comet 379 

Hersohel, Sir J. E. W.*a illustra- 
tion of the site and distance of 

the planets 344 

Hersohel, Sir John's opinion of 

the height of the atmosphere • 38 
Hersohel's telescope and its pow- 
er 251,337 

Heterogeneous 19 

Hiero employs Archimedes to de- 
tect the adulteration of a orown.lA 
Hind's account of the comet of 

1853 381 

Hipparchus, &ther of astronomy • 336 

Homogeneous 19 

Hornblende 21 

Horizontal motion does not affisot 

that of gravity 66 

Horse-power as applied to Hm 

steam-engine, meaning of . • 199 
Horses, how made to draw aneqnaJ 

portions of a load .••••• 77 

House's printing telegraph • • • SS8 

Human voice, powers of the • • 180 

Humor, the vitreous .... 237, 369 

« the aqueous • . . « 237» 239 

Hunter's moon 388 

<■ screw 95 

Hydraulics. . . . 17, 18, '<>9; 128 

Hydraulic-ram 13S 

Hydrodynamics 108,139 

Hydro-electric 334 

Hydrogen • 20 

" gas generator • • • • 375 

" pistol 374 

Hydrometer 128 

Hydrostatic bellows, how con- 
structed • 119 

Hydrostatic paradox .... .118 

Hydrostatic press, Bramah's • • 121 
Hydrostatic pressure, as a me- 
chanical power ...... • 131 

Hydrostatic pressure, caused by- 
height, not by quantity . . . 119 

Hydrostatics 17, 18, 108 

Hygeia 389 

Hygrometer 149, 150 

Hyperbola . 341 

Hypersthene •••.••••• 21 



Ice formed under a reeeiver . , icO 
** ])ow made to melt rapidly . . 181 
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JtMy frtcy wH t pptd In woollen or 

packed in iharingi 190 

loe, why wooden epoons And forks 

are nsed for • • • 190 

Image firom coneaye mirron • • 226 
«< <« oonvez mirrors • • 223 

«« inyerted 218 

Impenetrability . • • • . . 21» 22 
Imponderable agents .... 18 

Incidenoe, angle of • 48 

Incident motion 47 

Incident rays 216 

Inclination of earth's axis, effects 

of 354 

Inclined plane 90 

«< « advantage of . • 91 
«< ** application of the 91 
" " principle of the . 90 

InoombnBtible bodies 188 

Indestructibility 21, 23 

India rubber 30 

<« « balls, elasticity of . 47 

« « glass 168 

Xndnetion, electricity by . . 266, 278 
** electrd-magnetio • . 312 

Inertia 21,24,26,41 

** experiment to illustrate • 26 

<« of air 38,143,165 

•* of a fluid, effects of the . 134 

«* of fly-wheels 81 

•' of water 98 

Inferior conjunction 349 

'< planets 343 

Infusoria 23 

Instruments for raising water . .131 
Insulated, meaning of . . . 261, 270 
Intensity as applied to electricity, 

meaning of 295 

••In vacuo" . . . '. 98 

Iridium •••••• 20 

Iodine 20 

Irene • • 339* 

Iris of the eye 237, 238 

JiiBf the planet Hr astermd . • . .339 

Iron 20 

Iron, a knowledge of the uses of 
the fint step towards civiliza- 
tion 31 

Iron« ductile but not malleable 

into thin plates 81 

Iron, how made brittle • • • • • 30 

•* oxide of • 21 

•* when most malleable • . • 31 
Iroxy, elasticity of 30,46 
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Jansen 837 

Jerusalem, siege of 106 

iJet, the sb'aight and revolving 163 

Jointed discharger 264 

Juno •••. 339 

Jupiter 867,368 

Jupiter, a prolate spheroid, and 

why 62 

Jupiter's belts 868 

Jupiter, satellites of • 367 

E. 

Kaleidoscope • • 229 

Kepler. • • • 337 

" laws of . • . .837,360,362 
Kepler's opinion of the number of 

comets 880 

Kliakenfues . . .' 381 

Knee-joint •• 96 

L. 

Ladder a lever . w* 77 

Lakes, why more diffieult to swim 

in . . 126 

Lamp, defects of, how remedied . 112 
Lamps, why they will not bum . Ill 
Lamp, wick of, how it supplies the 

flame Ill 

Lantanium 20 

Latent heat 187 

Lathes . . % 80 

Law, Bode's 342 

Law, fundamental of mechanics, 
pyronomics, acoustics and op- 
tics 49 

Law, Mariotte's 142 

« of falling bodies 61 

.Laws of heat •185 

« of reflected sound • • • • 178 
Laws of reflection from concave 

mirrors 226, 227 

Law of the heavenly bodies • . 340 

Lead •• 20 

** not ductile 31 

" why heavy 34 

LeVerrier 371 

Leap-year 396 

Leaves of a wheel • • • • • . 84 

Length 23 

Lsns,azisofa « 233 
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kTiHaonrez 2S3 

*" oonrox m a burnlng-glmss . 235 

** doublo oonoare 233 

*< doubls ooDvez •••••. 233 

Lmses 232 

Leu, •ffoot of how estimated • • 234 
** fooal disUnoe of a . . . .234 

Leaeea In speotacles ....... 236 

Lent, tingle eoncave ••'.••• 233 
•« single oonve^E . . .*. . . .233 
«* the erystailine ....•• 237 

LeTelf how ascertained • • . • .113 
*' or equilibrium of fluids . 110 

Leyels, spirit 6r water 113 

Lever 93 

** advantage in use of . • • 73 

Lever, foro^ of. the, on wh^t de-^ 
pendent .^ *76 

Lever» how need «.••••. 72 

« kinds of . •> 72 

*< mai\7 forms of the • • • • 7^ 
'< of first kind ....•• 73 
•• ofseoondkind 76 

• «« of third kind '78 

** perpetual, the 80 

Lever, power of «ot d^P^n^ont on 
ifte shape 76 

Lsrer, principle of the • • • • .71 
f« the bent 76 

XiBver» things to be oonsldered in 

^ tiiA 72 

^den-jK ^ «. ^ ....•• 263 
: . " . h^ow charged .... 271 

L^den-jac» how discharged silent- 
ly •,•.•... •. •. • •. Mil . • • • ZOO 

light, aberration of « 384 

*< abtorbed by aU bodies , . 217 

'« beam of 213 

« color of . . . .. . .251,252 

Light, corpusoulsj and undulatory 
theories, of 211 

Light, heat and chemical action 
of 254 

Light, how projected • . . « • 213 

Light, intensity of, law of de- 
crease , 212 

Light, passing into different medi- 
ujns • • • • « 230 

Light, polarization of • • • • .256 
« . reflected • • « ^ • • • • 215 
" «« . lan^B of .... 216 
•* reflection of 211 

Light, Sir Isaac Kewton's. opinion 
of. ... , 211 

Light, theories of ....... 211 

Light, thermal, chemical and non- 
oi*tWal eil^ts ef 26€ 



Light, velocity of .« 4S 

** sodiaeal •.•••••• SCO 

Lighting, how caused • • . . • 27S 

Lightning-rods 265 

" by whom invented 281 
Lightning-rods, the best, how con- 
structed 280 

Lime 21 

liime, carbonate of 21 

Linen garments, why cool . . . 189 
Line of direction ....... 66 

Liquid, how it differs from a fluid 109 
Liquids have a slight degree of 

cohesion • 109 

Liquids not easily compressed • 29 
Liquid, quantity of discharged 

from an orifice 129 

Lithium 20 

Load-stone .......•.• 298 

Locomotive steam-engine . • • 20S 

liooking-glasses • 221 

liooking-glass, length of to reflect 
the whole person ..... . 222 

Lucifer • • • . • 361 

Luminous bodies •••••. • 210 
Lutetia 339 

M. 

Machine . •.••«.••.* 71 

Machinery, propelled by eleotrii^- 

ty . 2W 

Machine, Attwood's • 62 

Machines, velocity of. how reg:a- 

lated '.•.....'.... 108 
Magazine, magnetic ..... . 307 

Magdeburgh cups ^ • 157 

Magnesia 21 

" carbonate of • ... 21 

Magnesium • 20 

Magnet, attraction and re'pulsion 

of. . .300,301 

Magnet, attractive power of, where 
greatest •..'.....• • 300 

Magnet, broken • 302 

Magnet communicates its prop> 

erties . *. . . 301 

Magnet, dipping of a . • . • • 303 
*< effect of heat upon . • 302 
Magnet, horse-shoe or U, how 

armed > • 308 

Magnetic influence, all bodies sus- 
ceptible of «301 

Magnetic magazine • • • • . • 307 

Magnetic needle 304 

Magnet, keeper of a . • • •302»S0a 
Magatt, proptrtlcf of . . . • 299 
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M AgiMlio pOlM • • . . . .SOO 

** power on snxflMe • • • 302 

ICagneUsm 17,18»298 

Magnetion and eleotrioity, re- 

sembluMSosof • • • ^ . . . .302 
JCagnet, modes of supporting . . 300 
Uagnetio poles, where strongest 304 
Magnet, north and sonth polee of, 

where most powerful. • • . . 306 
Mftgneto-eleotrieity .... 17, 332 
Magneto-eleotricity, most power- 
ful effoots of, how obtained . .332 
Magneto-electrie maohine . . .333 

Magnet, polarity of 299 

Magnet, poles of changed by eleo- 

trioity 303 

Magnet, powers of, how increased 30l 

« kinds of 299 

•< artificial, how made.306, 30 7 

** the receiving 327 

>* U or horseshoe . . • .301 

'* yariatlon of . 303, 304 note 

Magnitude, oentre of . . . 59, 66 

Main-spring of a watch . . 104, 107 

Major third 184 

Malleability 27,31 

Malleability dependent on tem- 
perature • . . • • 31 

Manganese 20 

Mateo Paolo 306 

Mariner's compass 304 

Mariner's compass, inrentor of 

the . . 306 

Mariner's compass, needle of, how 

placed 305 

Mariner'a compass, how mounted 305 
« " points of the 305 

Mariotte'slaw 142 

Mars 366 

Massila . • 339 

Materials, s^ngth of • . . • . 95 
Materials which compose tiie crust 

•of the earth 20 

Materials, tenacity of 32 

Matter, attraotiye 34 

*' definition of 19 

** essential properties of . 21 
** gaseous form of ... • 19 
Matter, its different states or 

forms 19 

Matter, liquid form of 19 

Matter, quantity of, how ciptimat- 

ed 40 

MateriaUtyofair 162 

Matter, solid form of 19 

Meohanioal agenoy of fluids . . 138 
•« equivalent. • • • • 68 
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Mechanical operations always at-> 

tended by heat • 188 

Mechanical paradox 68 

'* power 70 

" powers 71 

Mechanical powers, enumeration 

of the 11 

Mechanical powers, on what prin- 
ciple constructed 71 

Meohanioal powers, principal law 

ofthe 89 

Mechanical powers, reducible to 

three classes 72 

Mechanical properties of gases, 

vapors, Ac 139 

Mechanics 17,41 

*• ftindamental law of . 71, 91 

118 
Mechanics, fundamental law of^ 
its application to hydrostatio 

pressure 119 

Media 97, 229 

Medium .....•• 97 

Mediums 97, 229 

Medium in optics 230 

Melpomene 339 

Meniscus 233 

Mercurial pendulum •..,.. 103 

« tube 160 

Mercury 20 

" ' the planet, irtMBit of . .368 
Mercury, the planet, why not often 

seen . 36S 

Metallic points 265 

Metals, good conductors of heat . 190 

« names of the 20 

Metals, order of their conducting 

power of heat 190 

Metals, tenacity of 32 

Meteoric stones .....•.• 387 
Meteoric stones, Dr. Brewster's 

opinion of 367 

Metes 339 

Mica 21 

Microscope, a double ..... 243 

" a single 242 

Microscope, compound magnify- 
ing power of, how ascertained 244 
Microscope, magnifying power of, 

how ascertained • • 244 

Microscope, the solar 244 

Microscope, the solar, magnifying 

power of 244 

Microscopes, what have the 

greatest magnifying power . • 24** 
Milk, why affiMted by thunde 
and lightning 281 
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mXkf^mj 

JOnortiiiri 184 

Hizror 221 

•* oonttTO 222 

« conTex 222 

« plain • . • • 221 

MizTon pf half the height show a 

whole-length figure ... • • 217 
Mirron reverae all images . • 222 

•* use of glass in • . . . 221 
IfiNellaneous experiments with 

air 166 

KobUity 27 

If oljbdennm 20 

Koifaenta «0 

Momentum 41, 60 

Momentum of a body, how asoer- 

tained 60 

Monochord 182 

Moon 386 

as oause of tides 391 

as seen through a telescope 389 
Moon, eommon errors in respect 

to the 386 

Moon, density of the 387 

M diflerenoe in daily rising 389 

•* gibbous 388 

. *< harvest and hunter's . . 389 

« horned 388 

« in quadrature 388 

Moon-light, objects seen by, why 

faint 217 

Moon, surface of the 386 

«< uninhabitable 364 

Morienne 144 

Morse's telegraph 320 

*< telegraphic alphabet . . 323 

Motion 41 

Motion, accelerated, retarded and 

uniform 44 

Motion, axis of 69 

'< centre of 69 

Motion, how transmitted by hy- 
drostatic pressure 121 

Motion, incident and reflected . 47 
Motion impelled by two or more 

forces ...... .....66 

Motion of the heavenly bodies, 

oause of the 34 

Motion, perpetual 46 

*< regulators of 100 

" reversed 83 

Motion, slow or rapid produced at 

pleasure by machinery .... 84 
Motion, when imperceptible • . 220 
Moving power in machines, how 

stopped 861 



Mountain, .how buxii by hjni«H. 

static pressne 120 

Musieal scale 18$ 

" sounds 181 

Multiplier, electro-magnetie • • 313 

Ifultiplying-glass 235 

Musical chord, how pioduoei . . 182 
Musical instruments, why aflfoet^ 

by the weather 182 

Music of a choir dependent on tiie 

uniform velocity of sound • • 176 
Music of strings, how caused . • 181 
Mutual attraction • . 34 

N. 

Natural Philosophy, definition of IT 

Neap tides . 391 

Needle, the magnetic ..... 304 
Needle, how placed in a mariner's 

compass •..•••.••• 306 

Negative electricity .... 269, 262 

« (galvanic) pole • . • • 287 

Neptune 371 

Newcomen and Savary'a steann 

engine • . • • 197 

Newton, Sir Isaac .... 23, 337 
Newton, Sir Isaac, discovoy of 

gravitation 100^ 

Newton's discoveries, on what 

based 362 

Newton's (Sir Iswm) opinion of 

light 211 

Newton, Sir Isaac's, opinion of the 

earth's compressibility • • • 29 

Nickel 20,298 

Niobium 20 

Nitrogen ....• 20 

Non-conductors . • • 268, 260 
Nonreleotrics ... . •• 268» 260 
Nut and screw •OS 

0. 

Oars, on what principle construct- 
ed 77 

Object, apparent size of, on what 
dependent 220 

Objects, when invisible • 218, 220 

Octave 184 

« * how produced 182 

(Ersted's discoveries in electro- 
magnetism 308 

Oil, effects of in smoothing the 
surface of water ...••• 131 

Oil, glutinous matter in • • • 111 

ail-mills 92 
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on, why it floats ....... 39 

Olber'a, Dr., opinion on Innaoj • 386 

Opaque bodies 217 

Opera-glasses 249 

Opposition 350 

Optical paradox • 212 

Optic-nerve 237, 240 

Optioa 17, 210 

«i definition of .18 

Oracles of Delphi, Ephesus, &o. . 180 

Orbit, meaning of 340 

Orbits of the planets, inclination 

of 347 

Orbits of the planets, not circular 343 

Otto Ouericke . .158 

<« Oat of beat," meaning of . • • 104 

Overshot-wheel 82 

Osmium 20 

Ozyde of iron 21 

Oxygen 20 



P. 



Pails, why two oan be carried 
more easily than one .... 69 

Palladiam 20 

Pallas 339 

Parabola 62, 341 

Parachute 38 

Paradox 118 

« acoustic 177 

« hydrostatic 118 

•< mechanical 68 

<« optical 212 

** pneumatic 169 

Paradox, optical, pneumatic, acous- 
tic, Ac, no paradox . ,212 note 

Parallax , . 385 

Parallel motion, appendages for 200 

Parallelogram 48 

Parthenope 339 

Pascal 144 

Pelopium • 20 

Pendalum 100 

Pendulum, cause of slowness and 

rapidity of vibrations .... 102 
Pendulums, continuous piotion 

of, how preserved 103 

Pendulum, how lengthened or 

shortened 102 

Pendulum, how to be suspended 103 
«< its motion, how caused 101 

Pendulums^ length t)f, proportion 

of 103 

Pendolom, length of to vibrate 
seeonds 102 



Pendulum, length of to vibrate 

two seconds 103 

Pendulum, length of varies witii 

the latitude 102 

Pendulums, table of the lengths 
of to beat seconds in different 

latitudes 104 

Pendulum, the ballistic , ... 63 
" Ihe gridiron .... 103 

** the mercurial .... 103 

Pendulums, to what variations 

subject 103 

Pendulum, use of the ball of.lOl note 

Penumbra 394 

Percussion, force of • .... . 93 

Perigee 349 

Perihelion 349 

Permanent magnets 301 

Perpendicular 48 

Perpetual lever 80 

" motion *. 45 

Perpetual motion, approximation 

to 288 

Phocea 339 

Phosphor ..•,...... .363 

Phosphorus 20 

Photography • • . , 257 

Physical spectra 223 

Physics, definition of 17 

Piazzi 343 

Pincers 75 

Pinions 83 

Pipes, tones of, on what dependent 181 

Pivots ^ .... 81 

Plane, the inclined 90 

Planet, meaning of 339 

Planet and star, difference be- 
tween 339 

Planets, characters by which they 

are represented 346 

Planets, inferior and superior . . 343 

" minor 339,367 

" «< how discovered . 342 
Planets, minor, by whom discov- 
ered 343 

Planets, minor, size of 344 

" names of the . . .338,339 
Planets, relative appearance of, 

as seen through a telescope .372 
Planets, the primary ..... 33S 
Planets, when in a particular con- 

steUation 349 

Platinum 20 

Platinum, botii ductile and malles* 

abl 31,32 

Plough, constellation of the . • 398 
Plumb-line 37 



4M 



XNDKl. 



PnevmaiiM 17,18,138 

pBOumatio balloon 161 

PneuButio pandoz 169 

« shower-bath . • . .166 

« scales 160 

PoioUrs 398 

Poker 75 

Pol&ritj 299' 

•« boreal and austral . . .302 

Polarisation of light 256 

Polar or pole star » . . . • 384, 398 

Poles, magnetic 300, 304 

Polos, magnetic, where strongest 304 

Ponderable agents 18 

Pope Callixtus and the comet of 

Hallej 378 

Pores 28 

Porosity 27,28 

Positive electricity .... 259, 262 
Positire (galyanic) pole .... 287 

Potash « 21 

Potassium 20 

Power 72 

Power, how gained by use of the 

lever 76 

Power, how to be understood 73 note 
Powers, mechanical . • • • . 70, 72 

Power that acts 7 

Power, weight and Telocity, pro- 
portion of 90 

Precession of the equinoxes . . 397 
Press, Bramah's hydrostatic • .121 
Presses, screws applied to ... 95 
Pressure at any depth, how esti- 
mated 115 

Pressure, fluid, law of 115 

Pressure, hydrostatic, as a me- 
chanical power 121 

Pressure, hydrostatic, caused by 
height, not by quantity . . .119 

Pressure of fluids 114 

Pressure pf fluids in proportion to 

height of column 120 

Pressure of the air . . . .141,162 
** of water at great depths 109 
Pressure on hydrostatic bellows, 

how estimated 119 

Primary planets ...... .338 

Principle of all machines ... 72 
Principle of the mechanical pow- 
ers 71 

Prism 252 

Projectiles » 62 

Projective, random of 65 

Projection, force of 62 

Projection, force of, has no effect 
ongravi^ 64 



I Propeller 

Properties, essential and aoddeiL- 

tal, of maUer 21 

Properties, essential and unessen- 
tial ..... 23 

Prussian blue 327 

Psyche 339 

Ptolemy 336 

Pulley 86 

** fixed and morable ... 86 

" fixed, use of 87 

Pulleys, mechanical principle of 

same as that of levers .... 88 
Pulley, movable, how it differs 

from a fixed 87 

Pulley, moTable, principle of the 89 
Pulley, power of, how ascertained 88 
Pulleys, practical use of . . . . 89 

Pump, the chain 131 

« the common, for water . .152 

«« the forcing 153 

« the air 154 

Pupil 237,238 

Pyramid, why the firmest of struc- 
tures ..... 68 

Pyrometer • 193 

«« Wedgewood's . . . 193 
Pyronomios . . . . 17, 18, 185, 187- 
Pythagoras 336 



Quadrature -388 

Quartz 21 

Questions for solution 36, 42, 43» 50 
53, 54, 78, 86, 90, 96, 106, 116, 127, 

184 



R. 



Radiation offbeat ....... 190 

Radii 48 

Radius 48 

" vector 350 

Rain, how formed . . . 121,150, 186 
Rainbow, how produced .... 255 
Ram, the battering 105 

" the hydraulic 133 

Random of a projectile .... 65 
Rarefaction ••••.• ..140 

Rarefied 140 

Rarity 27,28 

Ray of light 212 

Rays of light absorbed . . . . 215 

" " converging . . . 212 
Rays, converging and diverging, 

laws of 227 
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R»jsofU|^(,^v«rgliig . • • ,MtI 
Hays of light from terroBtrial ob- 

Reader, The Rhetorical .... 180 
Reanmar'B thermometer • • . 149 
Receiver ......•••.• 164 

Rectangle • • . • • 48 

Rectilinear motion oonyertod to 

oircnlar . . • • 81 

Reflected motion 47 

Reflecting substanoea 211 

** telescope .... 246, 249 

Refraction 229 

Refracting substances 241 

" telescope 246 

Refrangibility 230 

Registering apparatus of the tel- 
egraph.. •. 322 

Regulators pf motion 100 

Rein, F. C, hearing trumpets or 

cornets 178 note 

Repulsion 28 

Besinous electricity 262 

Resistance 41 

Resistance of a' medium, to what 

proportioned 97 

Resistance of the air 38 

** to be overcome ... 71 

Resultant 68 

•< motion 67 

" of two forces • ... 66 
Resultant of two forces, how de- 

aoribed 68 

Retarded motion of bodies pro- 
jected upwards 64 

Retina 237, 240 

Reversed motion . 83 

Revolving.jet 163 

Revolution of the planets, length 

of . . '. 341 

Rhetorical Reader 180 

Rhodium 20 

Rhodes, siege of . 105 

Rifles, how tested 63 

Rivers, how formed 124 

Rivers, why difficult to swim ih • 126 
Rivulets, how formed • . . 124, 136 
Roads, inclined planea .... 91 

Rolling frietion 98 

Romans, the ancient, how they 

conveyed water 137 

Rope-dancer, how enabled to per- 
form his feats .67 

Ropes, strength of, on what de- 
pendent 100 

RoBie's telescope 261 

Rotation, eleetro-maguetio . . .313 



Radden, on what prinolple oon- 

structed .••.»»•••• 77 
Rules relating to musical strings 1§4 
Rules by which changes of* Uie 
weather may be prognosticated 
by means of the barometer . . 147 
Rules relating to musical pipes • 184 
Rush's Treatise on the Voice . • 180 
Ruthenium 20 

's. 

Safety-valve ..•...•.. 199 

Sagacity of animals 92 

Sap, ascent of, to what due .112 
Satellites, general law of . . . .370 

Saturn 368, 

Saturn's rings 368 

Scales for ascertaining specific 

gravity 126 

Scale, the musical *. ..183 

Scales, the pneumatic ..*... 160 

Schorl • 21 

Science of harmony, on what 

founded 182 

Scissors 75 

Sclerotica 237 

Screw . -93 

" a compound power .... 94 
" advantage of the .... 94 
« convex and concave ... 94 
'* power of, how estimated • 94 

« Hunter's 95 

" of Archimedes 132 

*' uses of the 95 

"Sea-Eagle," experiment made 

on board of the 109 

Seasons, cause of the 350 

*< explanation of the cause 355, 

356 
Sea-water, cause of its increased 

specific gravity 126 

Seebeck, Professor, discoveries of 
in thermo-electricity .... 334 

Selenium 20 

Serpentine 21 

Shadow 213 

Shadows, darkest, how produced 214 
Shadows from several luminous 

bodies 215 

Shadows, increasing and diminish 

ing 214 

Shadow of a spherical body, form 

of 214 

Shaidows, why of dififorent degrees 

of darkness . 213 

Shaft . 61 
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flh«rh«ffdf , IwliBrtiig of in MMtk 

ofFmnM • • • €7 

Ships, on whal prtaolplo they float 123 

Sidereal timo 896 

«< jetf 396 

Bilenee prodaMd bj two Bounds 177 

Bilien 20, ai 

^▼er, beet oondnotor of hent • . 190 
Simple motion ••••.••• 65 
Sidereal year, how measored . . 397 
Bignal-kej of the eleotrio tele- 
graph . « . 322 

Signs of the sodiao 346 

Signs used in almanacs .... 399 

Siloms eleotrions 282 

SilTor 20 

Siphon 132 

Siphon, equilibrium of fluids ez- 

empUfled by means of the . . 133 

Siphon, experiments with the . 167 

** principle of the . . • • 133 

Sky, why%lue 263 

Slate formations in Bohemia . . 23 
Slaves in West Indies, how they 

steal mm 122 

Steel, how made brittle .... 30 

Sliding friction 98 

6mee*8 battery 290 

Smoke, why it ascends 39 

Snow, how formed . . . . 124, 160 
*< how it differs from hail . 124 
Snow and ice, how made to melt 

rapidly 191 

Sntt£Pers 75 

Soap-bubble, thickest part of . . 23 

Soda 21 

,8odium 20 

Solar microscope 244 

Solar system, account of the 337, 338 

«« time 396 

« year, how measured . 396, 397 

Solstices 358 

Sonorous bodies 174 

Sonorous property of bodies, to 

whatdue 175 

Sound 174 

Sound aflTected by the furniture 

of a room 179 

Sound, by what laws reflected . .178 
Sound, by what reflected and dis- 
persed 179 

Sound, focus of ........ .179 

Sound, how communicated most 

rapidly 175 

Sour d of the human voice . . .179 
•• of strings, how caused . . 181 
"• rapidity of. 176 



Soands, distanoe to wbiek they 

may be oonreyod ••••.. 176 
Sounds, musical 181 

** prodnoing silenoe • • , 177 

Sound, velooity of .... 176 note 

Sounds, what pleasing to the ear 183 

** when loudest .. ... 174 

Souroes of heat . • 187 

Space ...•• 41 

« how estimated •••••• 43 

Speaking-trumpets .••... 178 
Specific gravity • ... 40, 126 note 
Specific gravity of bodies, how as- 

«ertained 125,137 

Specific gravity, scales for asoer- 

taining 126 

Specific gravity, standard of . • 183 

" gravities, table of • • • 124 

Sphericity, centre of . . • . • • S7 

Spectacles 236 

Spectrum of a prism 254 

Spherical aberration ..... 247 
Spherical body, how made to nAl 

down a slope 68 

Spider's web 23 

Spiral tube 274 

Spirit level 113 

Spirit or water level, with what 

filled 113 

Spots in the sun 304 

Sportsman aiming at a bird ... 57 
Spripg, how high it will rise . • 137 
Springs, how formed ..... 136 
Spring-tides ......... 391 

Spur -gear *. .. 84 

Spur-wheel ...84 

Square 48 

Square rods, why better than round 

as conductors of electricity . . 279 
Standard of specific gravity . .123 

Stars, distance of the 388 

Stars, distance of the. Sir John 

Herschel's opinion of .... 383 
Stars, how distinguished from 

planets 339 

Stars, the fixed v 381 

Stars, why not seen in the day- 
time 363 

Stars, why not seen in their true 

place 384 

Statics 17, 18 

Stationary steam-engine .... 209 

Steam 195 

Steamboats 203 

Steam, cause of the ascent of . .124 

" dry and invisible .... 196 
Steam-engine applied to boati • 208 
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Bit&ffl-engine, power of, how esti- 
mated 199 

Steiun-engine, the 196 

" improvers of the . 200 

Bteam-engine, Newoomea and Sa- 

vary 8>«»«*s«»a«« Lot 
Steam-engine, Watts* doable act- 
ing, condensing 197 

8teain-engine, Watts' improre- 

menta of the 197 

Steam-engine, the locomotive 204, 

208 
Steam-engine, the stationary . . 209 
Steam-engine, Tufts' stationary 207 
Steam, foundation of its applica- 
tion to machinery 30 

Steam, how condensed into water 196 
<* how made to act .... 196 

Steam, on what its mechanical 
agency depends ....... 195 

Steam, pressure of, on what de- 
pendent 195 

Steam-ship , . 203 

Steam, space occupied by . . . 196 

*< temperature of 195 

** why it ascends 39 

Steatite 21 

Steelyards 75 

" how to be used ... 74 
Steelyards, mechanical principle 

of the 73 

Stereo-electric current 334 

Stethoscope 175 

Still 194 

Stilts used in south of France . 67 

Straight jet 163 

Strata of the earth 20 

Stream, velocity of, howmeasured 130 
Strings, musical sounds of, how 

produced 181 

Strings, musical quality of the 

sounds of . 181 

Strontium 20 

Struve's opinion of the distance 

of the stars 382 

Substance, heterd^eneous ... 19 
« homogeneous .... 19 

Sucker 160 

Sulphate of copper battery . . . 292 
Sulphate of copper battery (pro- 
tected) 293 

Sulphur 20 

Bun, as cause of tides 391 

" as viewed from the planets . 360 

** Its size, Ao 369 

Son, moon and planets, relative 
4iize of the 343 



Sun, planets and stars, inhabited 8S9 
Sun, red appearance of the, how 

caused '. . . . 258 

Sun's heat, effect of on the earth. 150 

Superior conjunction 349 

" planets 343 

Surinam eel 282 

Suspension of action 85 

Synchronous tickings of a clock . 104 
Syracuse, King of, employs Ar- 
chimedes to detect the adultera- 
tion of a crown 127 note 

Syringes for striking fire .... 188 
Syringe, the condensing . . 156, 163 

T. 

Table of specific gravities . . .124 
Table ofthe lengths of pendulums 104 

" of velocities 42 

Tackle and fall 89 

Talc 21 

Tangent 48,60 

Tantalus 133 note 

Tantalus' cup 133 

Tantalize, origin of the word . . 133 

Tapestry of Bayeuz 380 

Tea-pots, why they have handles 

of wood 190 

Teeth 83 

Telegraph, atmospheric . . . .331 

«* Bain's 326 

« electric, history ofthe 329 
« electro-magnetic . .319 
Telegraph, electro-magnetic, rep- 
resentation of the 323 

Telegraph, electric, principles of 

its construction 320 

Telegraph, House's printing . .328 

Telegraphic battery 321 

Telegraph, meaning of . . .319 note 

Telescopes 246 

Telescope, achromatic 247 

*' Gassegrainian . . . 260 
<* day and night . . .248 

*' Gregorian 250 

" Hersohel's 251 

«« «* power of .337 

<* Lord Rosse's . . . .251 

« refleoting 246 

" refracting 246 

«< simplest form of the . 247 

Tellurium 20 

Tenacity 27,32 

« of cords 33 

•* of the metals. .... 32 
' M of metals, how inoreased 39 
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ZiraMitjof TwrioumlMlMMM . SS 
TenUer of » ■(«Mn-engim . • • 204 

Twrbium - . 20 

TerrMtrUl grant/ S4 

Thermal effects of light • . . • 2^6 

Thermometer 149 

«« Celsius' 149 

<« BelUle's 149 

•« Fahrenheit's . . . 149 

Thermometer, on what {krinciple 

oouBtruoted 29 

Thermometer, Reaumur's . ■ • 149 

Thermo-eleotrie 334 

" batteries. . . . 335 

Thermo-electrioity .... 260,334 

Thetis 339 

Thorium 20 

Threads of a sorew 93 

Thunder-olouds, distance of, how 

measured 177 

Thunder-house 277 

Thunder-etorm, safest position in.281 
Tides . .390 

'* neap and spring 391 

Time, apparent and true, differ- 

enoe between 397 

Time as kept by clock and bj the 

son 397 

Time employed in the ascent and 

descent of a body equal ... 64 
Time, how estimated • • • . . 43 

** sidereal and solar • . . • 396 
Time of ascent and descent of a 

body 45 

Tin 20 

Tin and copper, sonorous proper- 
ties of .... 30 

Tin, not ductile 31 

Tissue figure 270 

Titanium 20 

Toggle-joint 96 

« operation of the . . 97 

Tones of the voice, how varied • 180 

Tonic 183 

Tonnage of vessels, how estimated 123 

Torpedo ,282 

Torrioelli 143 

Torricellian vacuum 143 

Towns and fortifications, attacks 

on 63 

Transfer of fluids 167 

Transit of Mercury and Venus .363 

Translucent bodies 211 

Transparent bodies ...... 211 

Tropic 356 

Trumpet 178 

TruBipeU, hearing , ...'.' 17g 
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Tubes, capillary ..... . Ill 

*' mercurial 1€§ 

Tufts' Btalionary stoam-engiite . 207 

Tune • 41 

Tungsten 20 

TyohoBrahe • .SSC 



U. 



Umbrella, use of in leaping from 

high places 38 

Undershot wheel 82 

Undulations of light 211 

" of water, effects of .131 

Undulatory theory of light ... 211 

Universal discharger 272 

Urania 339 

Uranium 20 

Uranus 36» 

« moons of 370 

UrsaMigor .398 
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Vacuum 98,143 

Vacuum, a perfect, not to be |mv- 

eured by means of the air-pump 166 
Vacuum, the Torricellian ... 143 

Valve 152 

Vanadium .......... 20 

Vapor, cause of ascent of i . . . 124 

Vapors 139 

Vegetables, why white or yellow 

when growing in dark places . 256 
Vehicle in motion, cause of acci- 
dents from . 26 

Velocities, table of 42 

Velocity 41,71 

« absolute and relative . . 42 

« how estimated 42 

Velocity of balls thrown by gun- 
powder 63 

Velocity of light and of the eleo- 

tric fluid . . . .• 40 

Velocity^ of parts of a body, how 

diminished . '. • 60 

Velocity of sound ... 176 and note 
Velocity of sound, distances 
measured by the ...... 177 

Velocity of sound, experiments of 

Arago, Gay Lussao and oAers 176 
Velocity of a stream, bow meas- 
ured 130 

Velocity of the surface of a 
stream, greatest 129 
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Yeloeity rtqi^rad in aiMkiaes, 

how regulated . 106 

Ventriloquism 180 

Tenus 363 

« transit of 363 

Venus, why never seen late at 

night 363 

Vertical line 37 

Vesicular form of nutter, defi- 
nition of .... 19 

Vespasian, battering-ram of • • 106 

Vesper . 363 

Vessels^ tonnage of, how esti- 
mated 123 

Vesta 339 

Vision, angfle of . ....... 219 

Victoria 339 

Vitreous electricity ^62 

Vitreous humor 237, 239 

^Vitriol, effects of on water . . .187 
Voice, Dr. Bush's Treatise on the 180 

" sound of the 179 

Voice, the human, imitative pow- 
er of the 180 

Voice, tones of tiie, how yaried . 180 

Voltaic battery 289 

« electrioity . . . .259,283 
" pile .288 

W. 

Wnr, how it has been elevated to 

a science 63 

Warmth of clothing, cause of . . 189 
Watch, how it differs from a clock.104 

'* how regulated 105 

« moving power of a . . . 104 

.Water 21 

'Water, converted intasteam, space 

occupied by 30 

Water, distilled, the standard of 

specific gravity 123 

Water, elMticity and compressi- 
bility of 24 

Water expands when freezing . • 192 
Water-fowl, buoyancy of . . . .123 
Water froien under the air-pump.169 
Water, how applied to move ma- 
chinery • •... 83 

Water, how converted into steam.196 
Water, how high raised by means 

of common pump 163 

Water, how much diminished in 
bulk by pressure ...... 29 

Water, instruments for raising . 131 

Water-level 113 

Water, motion of, how retarded . 129 

40 



Water, Mi dM&tnto of «omprMt* 
ibiUty 109 

Water, of what composed • • • 20 
Water, pressure of ai great 

depths 109,116 

Water, pressure of at any depth, 

how estimated ..••... 116 
Water, pressure of ai diJEbrent 

depths , • ^116 

Water-pump 153 

Water-spouts 172 

Water, weight of a enbio foot of . 126 
** weight of a cubic inch of 116 
Water when falling, why less in- 
jurious than ice 114 

Water, when perfectly pure . • 124 
Water, why it appears more shal- 
low than it is 231 

Water-wheels 81 

*' most powerful < • • 83 

Watson, Dr., experiment of, to 
show degree of evaporation • • 160 

Watt, James 106 

Watt, James, his improvements 
of the steam-engine ..... 197 

Waves, how cans^ 130 

Waves of light, laws of . .212 note 

Wedge 08 

« advantage of the .... 92 
Wedge, effective power of, on 

wlubt dependent 92 

Wedge, power of the 93 

Wedges, use of 93 

Wedgewood's pyrometer .... 193 

Weight 34,72 

« cause of 34 

« lifter 166 

Weight, loss of in bodies weighed 

in water 126 

Weight of any body, how ascer- 
tained by its cubical contents . 126 
Weight raised by wheel and axle, 

how supported 79 

Weight, what bodies have, the 

greatest S4 

Welding 31 

Wheel and axle 78 

" *< advantage of. 79 

'* " construction of . 79 

" " how supported . 81 

« « principle of the . 80 

Wheel, esoapement ...... 104 

Wheels, friction 99 

Wheels in maehinery aeting as 

levers 78 

Wheels, large and small, advan- 
tages of each 86 
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WaC^Hl^ toMBBVf BO'W ABS Wl^ 

WbMliof AolookftteiriiM . .101 

« powarof 80 

«« tlM of Unitod by what . 85 
*• tirM of how Moared . • 19S 
Whoolf, toollMd, mothod of mtoer- 

Uiaiaf powor of ...... 86 

WhooU, ato of on roadt .... 86 

Whool with tooth, of throe kind! 84 

Whiriwindt . . 172 

Whitporiog-gallory 179 

WhliporiDf-gaUof7 in Kowbuiy- 

port 179 

Whinor, aotion of % nplditj of 

tho 176 

Wbito 261 

Whiloflold 179 

Wiok of m lamp, priniBiplo of the 111 

mdth 23 

WIsbtauD*! appaiataa for inertia 26 
WiUiaa, Duke of Normandy • . 380 
William tho Conqueror . . . .380 
Wlnoh applied to wheel and axle 79 

" dottUe 80 

Wind 170 

Wind, oavae of the diflereni diree- 

Uonaofthe 171 

Wind, eaat, oaaae of at the eqaa- 

tor 171 

Wind insferamenti, lowid of, on 

what lependent 181 

Windi q«aUtj of the, how affect- 

att ••«• •••• Ltx 



Wind, why tt labaidea at aaaMt . ITI 

Windlaaa 80 

Windlam and oapstao, diffneim 

between M 

Wind-mills 80 

Window, where the hand dionld 

be applied-to raise 77 

WoUaston, ezpwimentfi of . . .254 
Wooden ipoona and forks, why 

preferred for ioe 190 

Woollen garments, why warm . 189 

Worcester, Marqnis of 200 

Worm of a stiU 195 

Y. 

Tear S41 

Tear, leap S96 

Tear, sidereal and solar .... 396 
Tttriom 20 

Z. 

Zodiao 345 

Zodiacal light 360 

Zodiac, constellations of the, 

chai^ge of . . . .# S47 

Zodiac, signs of the 346 

Zinc 20 

Zinc, at what temperature malle- 

abl 31 

Ziroonivm ••••••• ..90 
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